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POWERED DEVICE WITH PRIORITY
INDICATOR

RELATED APPLICATIONS

This application 1s a continuation in part of U.S. patent
application Ser. No. 10/961,108, which claims priority from

U.S. Provisional Patent Application Ser. No. 60/512,362 filed
Oct. 16, 2003 entitled “POWERED DEVICE ASIC”, the

contents of both of which are incorporated herein by refer-
ence.

BACKGROUND OF THE

INVENTION

The 1mvention relates generally to the field of power over
local area networks, particularly Ethernet based networks,
and more particularly to a method of communicating a set-
table prionity from a powered device to associated power
sourcing equipment.

The growth of local and wide area networks based on
Ethernet technology has been an important driver for cabling
offices and homes with structured cabling systems having
multiple twisted wire pairs. The ubiquitous local area net-
work, and the equipment which operates thereon, has led to a
situation where there 1s often a need to attach a network
operated device for which power 1s to be advantageously
supplied by the network over the network wiring. Supplying
power over the network wiring has many advantages includ-
ing, but not limited to: reduced cost of 1nstallation; central-
1zed power and power back-up; and centralized security and
management.

The IEEE 802.3af-2003 standard, whose contents are
incorporated herein by reference, 1s addressed to powering
remote devices over an Ethernet based network. Power can be
delivered to the powered device (PD) erther directly from the
switch/hub known as an endpoint power sourcing equipment
(PSE) or alternatively via a midspan PSE. A PSE 1s defined as
a device that provides power to a single link section.

The above mentioned standard prescribes a detection pro-
tocol to distinguish a compatible PD from non-compatible
devices and precludes the application of power and possible
damage to non-compatible devices. An optional classification
protocol 1s prescribed, which enables classification of the
power requirements of the PD to one of 5 classes. Of the 5
classes specified, 3 classes result in maximum power levels of
the standard, namely 15.4 Watts at the output of the PSE.
Thus, only 3 levels of power are supported by the classifica-
tion protocol namely 4.0 Watts, 7.0 Watts and 15.4 Watts.
Power 1s to be reserved by the PSE 1n accordance with the
classification detected by the protocol.

The term PD 1s defined as a device that 1s either drawing
power or requesting power from a PSE. Thus, a PD receives
power, 1 available, from a PSE over the communication
equipment. In a typical application, PD interface circuitry
enabling the detection and optional classification 1s supplied.
Power 1s 1solated by the PD interface circuitry from the PD
operational circuitry through an isolating switch, and 1is
enabled to the PD operational circuitry only after the voltage
at the PD, supplied from the PSE, rises to V__. One function
of the PD interface circuitry 1s thus to close the 1solating
switch thus enabling operation of the PD operational cir-
cuitry. In a typical application, the output of the 1solating
switch 1s fed to the input of a DC/DC converter, and the output
of the DC/DC converter powers the PD operational circuitry.

The standard further prescribes a maximum turn on time,
demgnated In the event that the PSE powers the PD,
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1s to be monitored within t , atter completion ot detection.
After t,,,, a disconnect detection function 1s to be active 1n
which the PSE 1s to monitor one or both of an AC maintain
power signature and a DC maintain power signature.

No method of communicating information between the PD
and the PSE 1s provided other than that provided by the
detection and optional classification protocol. Thus, in the
event that the PD power requirements are between the power
levels supported by the classification protocol, power 1s to be
reserved 1n excess of the actual power requirements. An
increase 1n granularity would improve the overall power man-
agement of the PSE, and enable a larger number of PDs
having power requirements less than the maximum power to
be supported by a given PSE. Communication between the
PD and the PSE would further enable the transfer of informa-
tion such as PD temperature, priority of the PD, results of
internal PD testing, PD configuration and PD type. Such
information would advantageously enable improved power

management and powering decisions.

U.S. Pat. No. 6,473,608 entitled “Structure Cabling Sys-
tem” 1ssued Oct. 29, 2002 to Lehr et al. and U.S. Pat. No.
6,643,566 entitled “System for Power Delivery Over Data
Communication Cabling Infrastructure” 1ssued Nov. 4, 2003
to Lehr et al. the contents of both of which are incorporated
herein by reference are addressed to the 1ssue of supplying
power to a PD over an Ethernet based network. No method of
communication 1s described, and 1n particular no method of
supplying increased classification granulanty 1s described.

In a system operating, accordmg the IEEE 802.3af stan-
dard, preferably ports receiving power are assigned priority,
as described 1n the above referenced U.S. Pat. No. 6,473,608.
In the event of a shortage of power, preferably lower priority
ports are disabled, or have power removed from them, prior to
the disabling of higher priority ports. Priority 1s assigned to
ports of the PSE, and 1n an exemplary embodiment priority 1s
assigned by a configuration program in communication with
the PSE.

Unfortunately, 1n actual practice, there 1s no certainty that
the configuration program has been run. Additionally, any
changes 1n wiring may not have been properly taken into
account 1n assigning priority. Thus, there may be a situation
where a port, which 1s to be assigned a high priority, receives
a low priority assignment.

It would therefore be desirable to have a method of com-
municating priority from a PD to an associated PSE, while
meeting the requirements of IEEE 802.3af. Thus, the installer
of the PD, or alternatively an authorized user, would be
empowered to assign a priority to the PD, which would follow
the PD 1rrespective of connections.

SUMMARY OF THE INVENTION

Accordingly, 1t 1s a principal object of the present invention
to overcome the disadvantages of prior art. This 1s provided in
the present invention by enabling the transmission of infor-
mation, comprising priority information, from PD interface
circuitry to an associated PSE prior to supplying power to PD
operational circuitry, 1n particular by not enabling a DC/DC
converter of the PD operational circuitry. In one embodiment,
communication occurs aiter the PSE enables the PD by sup-
plying an appropriate voltage; however an i1solating switch
between the PD interface circuitry and the PD operational
circuitry 1s kept open.

In another embodiment, subsequent to the communication,
the 1solating switch 1s closed thereby enabling the PD opera-
tional circuitry. Data 1s recerved by the PD interface circuitry
from the PD operational circuitry, and subsequently the 1so-
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lating switch 1s again opened, thereby disabling the PD opera-
tional circuitry. Data indicative of the information recerved
from the PD operational circuitry 1s then communicated by
the PD interface circuitry while the PD operational circuitry 1s
disabled. The 1solating switch 1s subsequently again closed
thereby enabling the PD operational circuitry. The imnvention
also enables a PSE operable to decipher the communication
from the PD interface circuitry.

In one embodiment the priority information 1s supplied to
the PD interface circuit, preferably by means of a user settable
switch. In another embodiment the priority information 1s
supplied to the PD operational circuitry, preferably by one of
a user settable switch and a software routine. The priority
information 1s utilized by the PSE to maintain power, or
disable power, responsive to total power availability.

The invention provides for a method for communicating,
priority from a powered device interface associated with a
powered device to power sourcing equipment, the method
comprising: prior to connecting power to operational cir-
cuitry of the powered device, transmitting multi-bit data,
from the powered device interface to the power sourcing
equipment over the communication cabling, the multi-bit
data comprising settable priority information.

Additional features and advantages of the invention waill
become apparent from the following drawings and descrip-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the invention and to show
how the same may be carried into effect, reference will now
be made, purely by way of example, to the accompanying,
drawings in which like numerals designate corresponding
sections or elements throughout.

With specific reference now to the drawings 1n detail, 1t 1s
stressed that the particulars shown are by way of example and
for purposes of 1illustrative discussion of the preferred
embodiments of the present invention only, and are presented
in the cause of providing what 1s believed to be the most
useiul and readily understood description of the principles
and conceptual aspects of the mvention. In this regard, no
attempt 1s made to show structural details of the mnvention 1n
more detail than 1s necessary for a fundamental understand-
ing of the invention, the description taken with the drawings
making apparent to those skilled in the art how the several
forms of the invention may be embodied in practice. In the
accompanying drawings:

FIG. 1a illustrates a high level block diagram of a first
alternative network configuration for remote powering from
an endpoint PSE known to the prior art;

FIG. 15 illustrates a high level block diagram of a second
alternative network configuration for remote powering from
an endpoint PSE known to the prior art;

FIG. 1c illustrates a high level block diagram of an alter-
native network configuration for remote powering from a
midspan PSE known to the prior art;

FIG. 14 illustrates a high level block diagram of a system
comprising a PSE group, the PSE group comprising a plural-
ity of PSEs receiving power from a common power source
and under a single control, and each PSE arranged to power a
particular PD;

FIG. 2a 1illustrates detection, classification and turn on
voltage timing known to the prior art;

FI1G. 256 illustrates classification and turn on current timing,
known to the prior art;
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FIG. 3aillustrates timing of classification, communication
and turn on current of a first embodiment exhibiting two
levels 1n accordance with a principle of the current invention;

FIG. 3b1llustrates timing of classification, communication
and turn on current of a first embodiment exhibiting three
levels 1n accordance with a principle of the current invention;

FI1G. 4a1llustrates timing of classification, communication
and turn on current of a second embodiment exhibiting two
levels 1n accordance with a principle of the current invention;

FI1G. 4b1llustrates timing of classification, communication
and turn on current of a second embodiment exhibiting three
levels 1n accordance with a principle of the current invention;

FIG. Sa 1llustrates a high level block diagram of a first
embodiment of a powered device i1n accordance with the
principle of the current invention exhibiting an 1nterface cir-
cuit, switch and associated powered device operating cir-
cultry;

FIG. 5b illustrates a high level block diagram of a second
embodiment of a powered device in accordance with the
principle of the current invention exhibiting an interface cir-
cuit, switch and associated powered device operating cir-
cultry;

FIG. 3¢ illustrates a high level block diagram of a third
embodiment of a powered device in accordance with the
principle of the current invention exhibiting an interface cir-
cuit, switch and associated powered device operating cir-
cultry;

FIG. 54 illustrates a high level block diagram of a fourth
embodiment of a powered device i1n accordance with the
principle of the current invention exhibiting an interface cir-
cuit, switch and associated powered device operating cir-
cultry;

FIG. 5¢ illustrates a high level block diagram of a fifth
embodiment of a powered device in accordance with the
principle of the current invention exhibiting an interface cir-
cuit, switch and associated powered device operating cir-
cultry;

FIG. 6a 1llustrates a high level flow chart of a first embodi-
ment of the operation of the controller of FIGS. 5a-5¢ i
accordance with the principle of the current invention;

FIG. 65 illustrates a high level tlow chart of a second
embodiment of the operation of the controller of FIGS. 5a-5¢
in accordance with the principle of the current invention;

FIG. 6¢1llustrates a high level flow chart of an embodiment
of the operation of the controller of FIGS. 5¢ in accordance
with the principle of the current invention;

FIG. 7a illustrates an embodiment of power sourcing
equipment operative to detect the communication 1n accor-
dance with a principle of the current invention, and

FIG. 7b1llustrates a high level flow chart of an embodiment
of the operation of the control of FIG. 7a 1n accordance with
a principle of the current invention, to receive the settable
priority form the PD and disable powering responsive to the
received priority.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

PR

L1
]

ERRED

The present embodiments enable the transmission of infor-
mation, comprising priority information, from PD interface
circuitry to an associated PSE prior to supplying power to PD
operational circuitry, 1n particular by not enabling a DC/DC
converter of the PD operational circuitry. In one embodiment,
communication occurs aiter the PSE enables the PD by sup-
plying an appropriate voltage; however an isolating switch
between the PD interface circuitry and the PD operational
circuitry 1s kept open.
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In another embodiment, subsequent to the communication,
the 1solating switch 1s closed thereby enabling the PD opera-
tional circuitry. Data 1s recerved by the PD interface circuitry
from the PD operational circuitry, and subsequently the 1so-
lating switch 1s again opened, thereby disabling the PD opera-
tional circuitry. Data indicative of the mformation received
from the PD operational circuitry 1s then communicated by
the PD interface circuitry while the PD operational circuitry 1s
disabled. The 1solating switch 1s subsequently again closed
thereby enabling the PD operational circuitry. The imnvention
also enables a PSE operable to decipher the communication
from the PD interface circuitry.

In one embodiment the priority information 1s supplied to
the PD interface circuit, preferably by means of a user settable
switch. In another embodiment the priority information 1s
supplied to the PD operational circuitry, preferably by one of
a user settable switch and a software routine. The priority
information 1s utilized by the PSE to maintain power, or
disable power, responsive to total power availability.

PD operational circuitry in accordance with the mnvention
may comprise any of a: desktop computer; web camera; fac-
simile machine; IP telephone; computer; server; wireless
L. AN access point; emergency lighting system element; pag-
ing loudspeaker; CCTV camera; alarm sensor; door entry
sensor; access control unit; laptop computer; hub; switch;
router; monitor; memory back up unit for workstation; and
memory back up unit for a computer.

Before explaining at least one embodiment of the invention
in detail, 1t 1s to be understood that the invention 1s not limited
in 1ts application to the details of construction and the
arrangement ol the components set forth 1 the following
description or illustrated in the drawings. The invention 1s
applicable to other embodiments or of being practiced or
carried out 1n various ways. Also, 1t 1s to be understood that
the phraseology and terminology employed herein 1s for the
purpose of description and should not be regarded as limiting.

The 1vention 1s being described as an Ethernet based
network, with a powered device being connected thereto. It 1s
to be understood that the powered device 1s preferably an
IEEE 802.3af compliant device preferably employing a
10Base-T, 100Base-T or 1000Base-T connection.

FIG. 1a illustrates a high level block diagram of a first
alternative network configuration 10 for remote powering
from an endpoint PSE known to the prior art. Network con-
figuration 10 comprises: switch/hub equipment 30 compris-
ing first and second data pairs 20, PSE 40, and first and second
transformers 30; first, second, third and fourth twisted pair
connections 60; and powered end station 70 comprising third
and fourth transformers 50, third and fourth data pairs 20,
powered device interface circuit 80, switch 90 and PD oper-
ating circuitry 100. PD operating circuitry 100 preferably
comprises DC/DC converter 110, which typically comprises
a high value input capacitor. A powered end station 70 1s also
denoted hereinatter interchangeably as a PD 70.

The primary of each of first and second transformers 50
carry respective data pairs 20. First and second outputs of PSE
40 are respectively connected to the center tap of the second-
ary of first and second transformers 50. The output leads of
the secondary of first and second transformers 50 are respec-
tively connected to a first end of first and second twisted pair
connections 60. The second end of first and second twisted
pair connections 60, are respectively connected to the pri-
mary of third and fourth transformers 50 located within pow-
ered end station 70. The center tap of the primary of each of
third and fourth transformers 50 1s connected to a respective
input of power device interface circuit 80. A first output of
powered device interface circuit 80 1s connected to PD oper-
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6

ating circuitry 100 through switch 90 at the mput to DC/DC
converter 110. A second output of powered device interface
circuit 80 1s connected to PD operating circuitry 100 as a
return. The secondary of each of third and fourth transformers
50 carry third and fourth data pairs 20, respectively.

In operation, PSE 40 supplies power over {irst and second
twisted pair connection 60, thus supplying both power and
data over first and second twisted pair connections 60 to
powered device interface circuit 80. Third and fourth twisted
pair connections 60 are not utilized, and are thus available as
spare connections. Third and fourth twisted pair connections
60 are shown connected to powered device interface circuit
80 to allow operation alternatively in a manner that will be
described further hereinto below 1n relation to FIG. 15 over
unused third and fourth twisted pair connections 60. Powered
device iterface circuit 80 enables detection and classifica-
tion 1n accordance with the relevant standard, preferably
IEEE 802.3 af-2003. Once power 1s supplied by PSE 40 to
power device interface circuit 80, power device interface
circuit 80 operates switch 90 to enable operation of PD oper-
ating circuitry 100. DC/DC converter 110 1s 1llustrated at the
input to PD operating circuitry 100, however this 1s not meant
to be limiting 1 any way. DC/DC converter 110 may be
located externally of PD operating circuitry 100, within pow-
ered device interface circuit 80 or in one embodiment may not
appear.

FIG. 15 1llustrates a high level block diagram of a second
alternative network configuration 150 for remote powering
from an endpoint PSE known to the prior art. Network con-
figuration 150 comprises: switch/hub equipment 30 compris-
ing {irst and second data pairs 20, PSE 40 and {irst and second
transformers 50; first, second, third and fourth twisted pair
connections 60; and powered end station 70 comprising third
and fourth transformers 50, third and fourth data pairs 20,
powered device interface circuit 80, switch 90 and PD oper-
ating circuitry 100. PD operating circuitry 100 preferably
comprises DC/DC converter 110, which typically comprises
a high value input capacitor. A powered end station 70 1s also
denoted herein interchangeably as a PD 70.

The primary of each of first and second transformers 50
carry respective data pairs 20. The output leads of first and
second transformers 30 are respectively connected to a first
end of first and second twisted pair connections 60. A first
output of PSE 40 1s connected to both leads of third twisted
pair connection 60 and a second output of PSE 40, acting as a
return, 1s connected to both leads of fourth twisted pair con-
nection 60. The second end of first and second twisted pair
connection 60 1s connected to the primary of third and fourth
transiormer 50, respectively, located within powered end sta-
tion 70. The center tap of the primary of each of third and
fourth transformer 350 1s connected to respective mputs of
powered device interface circuit 80. The second end of third
and fourth twisted pair connections 60 are respectively con-
nected to a first and second input of powered device itertace
circuit 80. A first output of powered device interface circuit 80
1s connected to PD operating circuitry 100 through switch 90
at the mput to DC/DC converter 110. A second output of
powered device interface circuit 80 1s connected to PD oper-
ating circuitry 100 as a return. The secondary of each of third
and fourth transformers 50 carry third and fourth data pairs
20, respectively.

In operation PSE 60 supplies power to powered device
interface circuit 80 over third and fourth twisted pair connec-
tion 60, with data being supplied over first and second twisted
pair connection 60. Power and data are thus supplied over
separate connections, and are not supplied over a single
twisted pair connection. The center tap connection of third
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and fourth transformer 50 1s not utilized, but 1s shown con-
nected 1n order to allow operation alternatively as described
above 1n relation to FIG. 1a. The configurations of FIG. 1a
and FIG. 15 thus allow for powering of powered end station
70 by PSE 40 e1ther over the set of twisted pair connections 60
utilized for data communications, or over the set of twisted
pair connections 60 not utilized for data communications.

FIG. 1c¢ illustrates a high level block diagram of an alter-
native network configuration 200 for remote powering from a
midspan PSE known to the prior art. Network configuration
200 comprises: switch/hub equipment 35 comprising first and
second data pairs 20 and first and second transformers 50; first
through eighth twisted pair connections 60; midspan power
insertion equipment 210 comprising PSE 40; powered end
station 70 comprising third and fourth transtformers 50, third
and fourth data pairs 20, powered device interface circuit 80,
switch 90 and PD operating circuitry 100. PD operating cir-
cuitry 100 preferably comprises DC/DC converter 110,
which typically comprises a high value input capacitor. A
powered end station 70 1s also denoted herein interchangeable
as a PD 70.

The primary of each of first and second transformers 30
carry respective data pairs 20. The output leads of the sec-
ondary of first and second transtormers 50 are connected,
respectively, to a first end of first and second twisted pair
connections 60. The second end of first and second twisted
pair connections 60 are connected as a straight through con-
nection through midspan power insertion equipment 210 to a
first end of fifth and sixth twisted pair connections 60, respec-
tively. A second end of fifth and sixth twisted pair connections
60 arc connected to the primary of third and fourth trans-
tformer 50, respectively, located within powered end station
70. The secondary of each of third and fourth transformers 50
carry third and fourth data pairs 20, respectively. Third and
fourth twisted pair connections 60 are shown connected
between switch/hub 35 and midspan power 1nsertion equip-
ment 210, however no internal connection to either third of
fourth twisted pair connection 1s made.

A first output of PSE 40 1s connected to both leads of one
end of seventh twisted pair connection 60 and a second output
of PSE 40, acting as a return, 1s connected to both leads of one
end of eighth twisted pair connection 60. The second end of
both leads of both seventh and e1ghth twisted pair connections
60 respectively, are connected to first and second power
inputs of powered device interface unit 80. A first output of
powered device interface circuit 80 1s connected to PD oper-
ating circuitry 100 through switch 90 at the input to DC/DC
converter 110. A second output of powered device interface
circuit 80 1s connected to PD operating circuitry 100 as a
return. The center tap of the primary of each of third and
fourth transformer 50 1s connected to respective mputs of
powered device interface circuit 80.

In operation PSE 40 of midspan power insertion equipment
210 supplies power to powered end station 70 over seventh
and eighth twisted pair connections 60, with data being sup-
plied from switch/hub equipment 35 over first and second
twisted pair connections 60 through midspan power insertion
equipment 210 to fifth and sixth twisted pair connections 60.
Power and data are thus supplied over separate connections,
and are not supplied over a single twisted pair connection.
The center tap connection of third and fourth transformer 50
1s not utilized, but 1s shown connected 1n order to allow
operation alternatively as described above 1n relation to FIG.
la.

FI1G. 1d illustrates a high level block diagram of a system
comprising a PSE group 250, a plurality o1 PDs 40, a plurality
of communication cabling 60, a power source 270 and an
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umnterruptible power supply 280 according to the prior art.
PSE group 250 comprises a plurality of PSEs 40 commonly
receiving power from power source 270, and a master con-
troller 260. Each PSE 40 1s arranged to receive commands
from master controller 260. Power source 270 1s arranged 1n
parallel with uninterruptible power supply 280, which thus
serves as a back-up power supply in the event of a failure of
power source 270. Master controller 260 receives a power
indication from each of power source 270 and uninterruptible
power supply 280. Each PSE 40 1s connected via a particular
communication cabling to a respective PD 70.

In operation, master controller 260 1s operable to monitor
the power available from power source 270 and uninterrupt-
ible power supply 280 and 1n response to allocate power to
cach PSE 40. Master controller 260 1s further operable to read
from each PSE 40 the priority associated with each PD 70, the
priority being received from a settable priority indicator of the
PD 70 as will be described further hereinto below. In the event
of a shortage of power, for example due to the failure of power
source 270, master controller 260 1s operable to disable one or
more PD 70 by disabling the respective PSE 40, while main-
taining priority. Thus, a PD 70 which has communicated a
higher priority will be powered from the respective PSE 40 of
PSE group 250, and a PD 70 which has communication a
lower priority will be disabled.

FIG. 2a illustrates a plot of detection, classification and
turn on voltage timing known to the prior art in which the
X-axis represents time and the y-axis represents port voltage
at the output of PSE 40 of FIGS. 1a-1¢. Wavelform 310 rep-
resents a detection voltage wavetform, which in an exemplary
embodiment 1s accomplished with 2 voltage levels having a
minimum of 2.8 Volts DC and a maximum of 10.1 Volts DC.
In a preferred embodiment more than 2 levels are utilized, and

a pre-detection voltage 1s further utilized, as described 1n
co-pending U.S. patent application Ser. No. 10/861,405 filed
Jun. 7, 2004 entitled “Pre-detection of Powered Devices”
whose contents are incorporated herein by reference. Wave-
form 310 may last up to 500 milliseconds 1n accordance with
the aforementioned standard.

Wavetorm 320 represents optional classification of the
powered device, and 1s preferably accomplished after the
completion of detection and before powering of the powered
device. In an exemplary embodiment, classification 1s accom-
plished by supplying a voltage of between 15.5 and 20.5 volts,
for up to 75 mulliseconds. After completion of the optional
classification, and within time t,,,, of the completion of the
detection represented by the end of waveform 310, operative
current limited voltage 1s to be supplied to the powered
device. In an exemplary embodiment, time t,, ,, 1s less than or
equal to 400 milliseconds. Wavetorm 330 represents the volt-
age rise as the above mentioned current limited voltage 1s
supplied to the powered device. Wavetorm 340 represents the
steady state operating condition, 1n which a current limited
output having a voltage of between 44 and 57 volts DC 1s
supplied by PSE 40. It 1s to be noted that at the PD a voltage,
designated V__, 1s detected as a result.

FIG. 24 1llustrates classification and turn on current timing,
known to the prior art, in which the x-axis represents time and
the y-axis represents port current. Wavetorm 360 represents
optional classification current, and 1s associated with optional
classification voltage wavetorm 320 of FIG. 2a. Wavelform
3770 represents current sourced to the powered end station 70,
and 1s associated with current limited voltage wavetorm 330
of FIG. 2a. Wavetorm 370 1s shown rising 1n a linear fashion,
tollowing which waveform 373 shows current limited charg-
ing of the high value mput capacitance of DC/DC converter

110. After charging of the high value input capacitance, wave-
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form 380 represents the port current fluctuations typically
associated with current flow to the input of DC/DC converter
110 of PD operating circuitry 100 of FIGS. 1a-1¢. Wavetorms
3’75 and 380 are associated with current limited voltage wave-
form 340 of FIG. 2a. The shapes of wavetorms 370, 375 and
380 are not meant to be limiting 1n any way, and the operating
current wavetorms 370 and 380 may exhibit any shape with-
out exceeding the scope of the mvention. Preferably, the
current as represented by wavetorm 375 and 380 remains
with the confines of the requirements of the applicable stan-
dard to prevent PSE 40 from removing power due to the
absence of a valid maintain power signature (MPS) compo-
nent or due to an excessive current draw. In an exemplary
embodiment the current as depicted by waveforms 375 and
380 meets or exceeds 10 mA for atleast 60 ms of every 300 ms
period thus presenting a valid DC-MPS component.

FI1G. 3a illustrates timing of classification, communication
and turn on current of a first embodiment exhibiting two
levels of current 1n accordance with a principle of the current
invention i which the x-axis represents time and the y-axis
represents port current. Wavetorm 360 represents optional
classification current, and 1s associated with optional classi-
fication voltage wavetorm 320 of FIG. 2a. Waveform 420
represents data communication from powered device inter-
tace circuit 80 to PSE 40 via 2 current levels. It 1s to be noted
that the 2 current levels are herein illustrated as being above
10 mA, thus ensuring a valid DC-MPS component, however
this 1s not meant to be limiting 1n any way. One of the current
levels may be less than 10 mA, zero, or negative without
exceeding the scope of the mvention. In an exemplary
embodiment communication as represented by waveform
420 1s of a duration less than 300 ms, thus a valid DC-MPS
component 1s ensured by valid powered device circuitry hav-
ing a power draw 1n excess ol 10 mA. Wavelform 420 is
associated with voltage waveform 340 of FIG. 24, and 1s
representative of current based communication after voltage
at the PD supplied from PSE 40 nises to V_, . PSE 40 1s
operational to detect the current fluctuation and thereby
receive the communication from powered device interface
circuit 80.

Data communication from powered device mterface circuit
80 to PSE 40 1s 1llustrated as being 1n a unilateral direction,
however this 1s not meant to be limiting 1n any way. PSE 40
may also communicate with data interface circuit 80 without
exceeding the scope of the invention. Preferably, powered
device mterface circuit 80 communicates with PSE 40 prior to
closing switch 90, thus DC/DC converter 110 1s not powered
and 1ts associated noise and high value iput capacitance, as
describe above 1n relation to waveforms 375 and 380 of FIG.
2b, 15 absent. It 1s to be understood that this requires powered
device interface circuit 80 to sink any current and thus mini-
mizing current flow during the communication period as
illustrated by wavetorm 420 1s desirable.

After completion of communication as illustrated by wave-
form 420, operating current 1s supplied to DC/DC converter
110 by closing switch 90 thereby supplying power to PD
operating circuitry 100 as illustrated by waveforms 375 and
380. Wavetorms 375 and 380 are 1n all respects similar to
wavetorms 375 and 380 of FIG. 25, and illustrate typical
operating current flows.

FI1G. 3b illustrates timing of classification, communication
and turn on current of a first embodiment exhibiting three
levels 1n accordance with a principle of the current invention,
in which the x-axis represents time and the y-axis represents
port current. Wavetorm 360 represents optional classification
current, and 1s associated with optional classification voltage
wavelorm 320 of FIG. 2a. Wavetorm 450 represents data
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communication from powered device interface circuit 80 to
PSE 40 via a plurality of current levels, of which 3 current
levels are illustrated. It 1s to be noted that the 3 current levels
are herein illustrated as each being above 10 mA, thus ensur-
ing a valid DC-MPS component, however this 1s not meant to
be limiting 1n any way. One or more of the current levels may
be less than 10 mA, zero, or negative without exceeding the
scope of the invention. In an exemplary embodiment commu-
nication as represented by wavetorm 450 1s of a duration less
than 300 ms, thus a valid DC-MPS component 1s ensured by
valid powered device circuitry having a power draw 1n excess
of 10 mA. Waveform 450 1s associated with voltage wave-
form 340 of FIG. 24, and 1s representative of current based
communication after voltage at the PD supplied {from PSE 40
rises to V_ . PSE 40 1s operational to detect the current fluc-
tuation and thereby receive the communication from powered
device mtertace circuit 80.

Data communication from powered device interface circuit
80 to PSE 40 1s illustrated as being 1n a unilateral direction,
however this 1s not meant to be limiting 1n any way. PSE 40
may also communicate with data interface circuit 80 without
exceeding the scope of the invention. Preferably, powered
device interface circuit 80 communicates with PSE 40 prior to
closing switch 90, thus DC/DC converter 110 1s not powered
and 1ts associated noise and high value mput capacitance as
describe above 1n relation to waveforms 375 and 380 of FIG.
2b, 15 absent. It 1s to be understood that this requires powered
device interface circuit 80 to sink any current and thus mini-
mizing current flow during the communication period as
illustrated by wavetorm 450 1s desirable.

After completion of communication as illustrated by wave-
form 450, operating current 1s supplied to DC/DC converter
110 by closing switch 90 thereby supplying power to PD
operating circuitry 100 as illustrated by wavetorms 375 and
380. Wavetorms 375 and 380 are in all respects similar to
wavelforms 375 and 380 of FIG. 25, and 1illustrate typical
operating current tlows.

FIG. 4a 1llustrates timing of classification, communication
and turn on current of a second embodiment exhibiting two
levels 1n accordance with a principle of the current invention,
in which the x-axis represents time and the y-axis represents
port current. Wavetorm 360 represents optional classification
current, and 1s associated with optional classification voltage
wavelorm 320 of FIG. 2a. Wavetorm 510 represents data
communication from powered device interface circuit 80 to
PSE 40 via a plurality of current levels, of which 2 current
levels are 1llustrated. It 1s to be noted that a first one of the 2
current levels 1s 1llustrated as being below 10 mA, 1llustrated
as zero current, with the second one of the 2 current levels
being above 10 mA, illustrated as being 20 mA, however this
1s not meant to be limiting in any way. Preferably the timing
and average current of wavetorm 510 ensures a valid DC-
MPS component. In an exemplary embodiment communica-
tion as represented by waveform 510 1s of a short duration,
less than 300 ms and typically on the order of 100 ms, thus a
valid DC-MPS component 1s ensured by valid powered
device circuitry having a power draw 1n excess of 10 mA after
completion of communication. Wavelorm 510 1s associated
with voltage waveform 340 of FIG. 24, and 1s representative
of current based communication after voltage at the PD sup-
plied from PSE 40 nisestoV_, . PSE 40 1s operational to detect
the current fluctuation and thereby receive the communica-
tion from powered device interface circuit 80. In the exem-
plary embodiment shown, PSE 40 1s operational to detect
communication as current levels above and below a pre-
determined threshold.
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Data communication from powered device mterface circuit
80 to PSE 40 1s 1llustrated as being 1n a unilateral direction,
however this 1s not meant to be limiting 1n any way. PSE 40
may also communicate with data interface circuit 80 without
exceeding the scope of the invention. Preferably, powered
device mtertace circuit 80 communicates with PSE 40 prior to
closing switch 90, thus DC/DC converter 110 1s not powered
and 1ts associated noise and high value mput capacitance, as
describe above 1n relation to waveforms 375 and 380 of FIG.
2b, 15 absent. It 1s to be understood that this requires powered
device mterface circuit 80 to sink any current and thus mini-
mizing current flow during the communication period as
illustrated by wavetorm 510 1s desirable.

After completion of communication as illustrated by wave-
form 510, operating current 1s supplied to DC/DC converter
110 by closing switch 90 thereby supplying power to PD
operating circuitry 100 as illustrated by wavetforms 375 and
520. Wavetorm 375 1s 1n all respects similar to wavetorms 375
of FIG. 2b. Wavetorm 3520 1s 1n all respects similar to wave-
form 380 of FIG. 25, and 1llustrates typical operating current
flows. After a start up period illustrated by the time duration of
wavetform 520, switch 90 1s opened as illustrated by wave-

form end 530 of wavetorm 520. Thus, operating current 1s
disconnected from DC/DC converter 110, and the attendant
noise and high value input capacitance 1s removed. Waveform
end 530 1s shown falling to a level equivalent to that of the first
current level of waveform 510, however this 1s not meant to be
limiting 1n any way. Waveform 530 may be reduced to a
higher or lower level than the first current level of waveform
510 without exceeding the scope of the invention. Preferably,
wavelorm 530 arrives at a stable operating level prior to
turther communication.

Wavetorm 540 represents data communication from pow-
ered device interface circuit 80 to PSE 40 via a plurality of
current levels, of which 2 current levels are 1llustrated. Pret-
erably communication begins aiter waveform 3530 has
achieved a quiescent stable operation level. It 1s to be noted
that a first one of the 2 current levels 1s illustrated as being,
below 10 mA, illustrated as zero current, with the second one
of the 2 current levels being above 10 mA, illustrated as being
20 mA, however this 1s not meant to be limiting in any way.
Preferably the timing and average current of waveiform 540
ensures a valid DC-MPS component. In an exemplary
embodiment communication as represented by wavelorm
540 1s of a short duration, less than 300 ms and typically on
the order of 100 ms, thus a valid DC-MPS component 1s
ensured by valid powered device circuitry having a power
draw 1n excess of 10 mA after completion of communication.
In the exemplary embodiment shown, PSE 40 1s operational
to detect communication as current levels above and below a
pre-determined threshold. In a further exemplary embodi-
ment the pre-determined threshold 1s 15 mA.

Data communication from powered device interface circuit
80 to PSE 40 1s illustrated during wavetorm 3540 as being in a
unilateral direction, however this 1s not meant to be limiting in
any way. PSE 40 may also communicate with data interface
circuit 80 without exceeding the scope of the mnvention. It1sto
be understood that powered device interface circuit 80 sinks
any current and thus minimizing current flow during the com-

munication period as illustrated by waveform 340 1s desir-
able.

After completion of communication as illustrated by wave-
torm 540, operating current 1s again supplied to DC/DC con-
verter 110 by closing switch 90 thereby supplying power to
PD operating circuitry 100 as 1llustrated by wavetorms 3735
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and 380. Wavetorms 375 and 380 are 1s 1n all respects similar
to wavetorms 375 and 380 of FIG. 25, and 1llustrates typical
operating current flows.

FIG. 4b1llustrates timing of classification, communication
and turn on current of a second embodiment exhibiting three
levels 1n accordance with a principle of the current invention,
in which the x-axis represents time and the y-axis represents
port current. Wavelorm 360 represents optional classification
current, and 1s associated with optional classification voltage
wavetorm 320 of FIG. 2a. Wavelorm 610 represents data
communication from powered device interface circuit 80 to
PSE 40 via a plurality of current levels, of which 3 current
levels are illustrated. It 1s to be noted that one of the 3 current
levels 1s illustrated as being zero, with the other 2 current
levels being above 10 mA, thus ensuring a valid DC-MPS
component, however this 1s not meant to be limiting 1n any
way. Any one or more of the current levels may be less than 10
mA, zero, or negative without exceeding the scope of the
invention. Preferably the timing and average current of wave-
form 610 ensures a valid DC-MPS component. In an exem-
plary embodiment communication as represented by wave-
form 610 1s of a duration less than 300 ms, thus a valid
DC-MPS component 1s ensured by valid powered device
circuitry having a power draw in excess of 10 mA after
communication. Wavetorm 610 1s associated with voltage
wavelform 340 of FIG. 2a, and i1s representative of current
based communication after voltage at the PD supplied from
PSE 40 rises to V_, . In the exemplary embodiment shown,
PSE 40 1s operational to detect communication at the plurality
of current levels.

Data communication from powered device interface circuit
80 to PSE 40 1s illustrated as being 1n a unilateral direction,
however this 1s not meant to be limiting 1n any way. PSE 40
may also communicate with data interface circuit 80 without
exceeding the scope of the invention. Preferably, powered
device interface circuit 80 communicates with PSE 40 prior to
closing switch 90, thus DC/DC converter 110 1s not powered
and 1its associated noise and high value input capacitance, as
describe above 1n relation to waveforms 375 and 380 of FIG.
2b, 1s absent. It 1s to be understood that this requires powered
device interface circuit 80 to sink any current and thus mini-
mizing current flow during the communication period as
illustrated by wavetorm 610 1s desirable.

After completion of communication as 1llustrated by wave-
form 610, operating current 1s supplied to DC/DC converter
110 by closing switch 90 thereby supplying power to PD
operating circuitry 100 as illustrated by first wavetorm 375.
First wavetorm 375 1s 1n all respects similar to wavetorm 373
of FIG. 2b and wavelorm 520 i1s in all respects similar to
wavelorm 380 of FIG. 2. After a start up period illustrated by
the time duration of waveform 520, switch 90 1s opened as
illustrated by wavetorm end 330 of wavetorm 520. Thus,
operating current 1s disconnected from DC/DC converter
110, and the attendant noise and high value input capacitance
1s removed. Wavelorm end 530 1s shown falling to a level
equivalent to that of the first current level of waveform 610,
however this 1s not meant to be limiting in any way. Wavetform
530 may be reduced to a higher or lower level than the first
current level of wavetorm 610 without exceeding the scope of
the mvention. Preferably, wavetorm 530 arrives at a stable
operating level prior to further communication.

Wavelorm 640 represents data communication from pow-
ered device interface circuit 80 to PSE 40 via a plurality of
current levels, of which 3 current levels are 1llustrated. Pret-
erably communication begins after wavetorm end 3530 has
achieved a quiescent stable operation level. It 1s to be noted
that one of the plurality of current levels 1s illustrated as being
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zero, with the other 2 current levels being above 10 mA, thus
ensuring a valid DC-MPS component, however this 1s not
meant to be limiting 1n any way. Any one or more of the
current levels may be less than 10 mA, zero, or negative
without exceeding the scope of the invention. Preferably the
timing and average current ol wavelorm 640 ensures a valid
DC-MPS component. In an exemplary embodiment commu-
nication as represented by wavetorm 640 1s of a duration less
than 300 ms, thus a valid DC-MPS component 1s ensured by
valid powered device circuitry having a power draw 1n excess
of 10 mA. In the exemplary embodiment shown, PSE 40 1s
operational to detect communication at the plurality of cur-
rent levels.

Data communication from powered device mterface circuit
80 to PSE 40 1s 1llustrated during waveform 640 as being in a
unilateral direction, however this 1s not meant to be limiting in
any way. PSE 40 may also communicate with data interface
circuit 80 without exceeding the scope of the mnvention. It1sto
be understood that powered device interface circuit 80 sinks
any current and thus minimizing current flow during the com-
munication period as illustrated by waveform 640 1s desir-
able.

After completion of communication as illustrated by wave-
form 640, operating current 1s again supplied to DC/DC con-
verter 110 by closing switch 90 thereby supplying power to
PD operating circuitry 100 as 1llustrated by second waveiorm
375 and wavetorm 380. Second wavetorm 375 and wavelorm
380 are 1n all respects similar to wavetorms 375 and 380 of
FIG. 25, and 1llustrate typical operating current tlows.

FIG. 5a illustrates a high level block diagram of a first
embodiment of a powered device in accordance with the
principle of the current invention exhibiting a PD interface
circuitry 700, a switch 760, a settable priority indicator 790
and an associated PD operating circuitry 100. PD interface
circuitry 700 comprises: a switch 710 illustrated as a FET
switch; a signature impedance 730; a controllable current
source 740; a voltage sensor 743; a control circuit 750; and a
positive and negative power lead. Switch 90 of FIGS. 1a-1c¢1s
illustrated as an N-MOS FE'T switch 760 exhibiting parasitic
diode 765, however this 1s not meant to be limiting 1n any way,
and switch 760 may be any electronically controlled switch.
PD operating circuitry 100 comprises a DC/DC converter 110
and a PD operational circuitry 720. A positive power lead and
a negative power lead are shown; the positive and negative
power leads being operatively connected over communica-
tion cabling 60 to PSE 40 (not shown) as described above in
relation to FIGS. 1a-1c¢. In an exemplary embodiment polar-
ity 1s ensured through the use of diode bridges. PD opera-
tional circuitry 720 1s also known as host circuitry.

Switch 710 1s connected to enable the presentation of sig-
nature impedance 730 across the positive and negative power
leads by control circuit 750. Controllable current source 740
1s connected across the positive and negative power leads, and
1s operable by control circuit 750. In an exemplary embodi-
ment, the value of the current which may be transmitted by
controllable current source 740 1s a function of a resistance,
R, .. (not shown). Voltage sensor 745 1s connected across the
positive and negative power leads and the output of voltage
sensor 745 1s connected to control circuit 750. Switch 760 1s
connected to enable connection of the negative power lead to
the negative power mput of DC/DC converter 110 by control
circuit 750. The positive power lead 1s connected to the posi-
tive power mput of DC/DC converter 110. The power output
of DC/DC converter 110 1s connected to PD operational cir-
cuitry 720. Optionally, a data path 770 between PD opera-
tional circuitry 720 and control circuit 750 1s provided. Pret-
erably, optional data path 770 includes isolation circuitry
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such as an opto-isolator or transformer. Control circuit 750
exhibits an optional power good signal 780, connected to
DC/DC converter 110.

Settable priority indicator 790 1s connected to PD opera-
tional circuitry 720, and 1s 1llustrated as a switch, the arm of
which 1s connected to a port of PD operational circuitry 720
and whose posts are connected through one of a plurality of
resistors of non-equal value to ground. Thus, PD operational
circuitry 720 1s operable to detect the state of settable priority
indicator 790 by measuring the resistance to ground. Settable
priority indicator 790 1s illustrated as a switch with a plurality
ol non-equal resistances, however this 1s not meant to be
limiting 1n any way. In another embodiment settable priority
indicator 790 comprises a switch whose posts are connected
to ports of PD operational circuitry 720 and whose arm 1s
connected to a constant voltage point, such as ground. In yet
another embodiment, settable priority indicator 790 com-
prises a software program run on PD operational circuitry
720. In yet another embodiment settable priority indicator
790 may be a factory set firmware code store in PD opera-
tional circuitry 790. Settable priority indicator 790 thus may
be any combination of hardware and software, functional to
indicate a priority level indication to PD operational circuitry
720. Settable priority indicator 790 may be settable by a user,
authorized installation personnel, or a factory set up without
exceeding the scope of the invention. Settable priority 1ndi-
cator 790 1s 1llustrated as being connected to PD operational
circuitry 720, however this 1s not meant to be limiting 1n any
way. In another embodiment settable priority indicator 790 1s
connected to control circuit 750 without exceeding the scope
of the invention.

In operation, control circuit 750 operates switch 710 during
the detection phase to present signature impedance 730
across the positive and negative power leads. Signature
impedance 730 presents a valid signature impedance to PSE
40. After completion of the detection phase, control circuit
750 opens switch 710, thereby preventing signature imped-
ance 730 from acting as a load during operation of PD opera-
tional circuitry 720. During the optional classification phase
described above 1n relation to FIGS. 2a-45, control circuit
750 operates controllable current source 740 to exhibit a
pre-determined current to PSE 40 across the positive and
negative power leads. After completion of the classification
phase, control circuit 750 turns off controllable current source
740.

Control circuit 750 senses operating voltage exceeding vV _
via voltage sensor 7435, and operates controllable current
source 740 to generate a plurality of current levels as 1llus-
trated by wavetorms 510 and 540 of FIG. 44, thus enabling
communication. Thus, a single controllable current source 1s
used for both classification and communication. In the
embodiment (not shown) 1n which settable priority indicator
790 15 connected to control circuit 750, communication pret-
erably comprises data corresponding to the priority level indi-
cated by settable priority indicator 790.

Operating current 1s provided to DC/DC converter 110 by
control circuit 750 closing switch 760. Power good signal 780
enables DC/DC converter 110. The output of DC/DC con-
verter 110 1s fed to PD operational circuitry 720. Communi-
cation of data from PD operational circuitry 720 to control
circuit 750 1s provided by optional data path 770. As will be
described further hereinto below, and preferably 1in relation to
the second embodiment illustrated above 1n relation to FIGS.
da and 4b, after start up of PD operational circuitry 720 data,
comprising data corresponding to the priority level indicated
by settable priority indicator 790, 1s provided from PD opera-
tional circuitry 720 to control circuit 750 via optional data
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path 770. The information provided to control circuit 750
from PD operational circuitry 720 1s transmitted to PSE 40 as
illustrated by wavelorms 540, 640 of FIGS. 4a, 4b. In an
exemplary embodiment optional power good signal 780
maintains operation of DC/DC converter 110 after the open-
ing of switch 760 to discharge the input capacitance of
DC/DC converter 110. Preferably a feedback path notifies
control circuit 750 of the discharge state of the input capaci-
tance of DC/DC converter 110, thus control circuit 750 dis-
ables optional power good signal 780 after discharge of the
input capacitance ol DC/DC converter 110. In another
embodiment, optional power good signal 780 1s maintained
for a fixed time period. The term opening of the switch 1s
meant to include any state of the switch 1n which there 1s no
appreciable current flow.

FIG. 5b illustrates a high level block diagram of a second
embodiment of a powered device in accordance with the
principle of the current invention comprising a PD interface
circuitry 800, a switch 760, a settable priority indicator 790
and an associated PD operating circuitry 100. PD interface
circuitry 800 comprises: a switch 710 illustrated as a FET
switch; a signature impedance 730; a controllable current
source 740; a voltage sensor 743; a variable current source
810; a control circuit 750 and a positive and negative power
lead. Switch 90 of FIGS. 1a-1c¢ 1s illustrated as N-MOS FET
switch 760 exhibiting parasitic capacitance 765, however this
1s not meant to be limiting 1n any way, and switch 760 may be
any electronically controlled switch. PD operating circuitry
100 comprises a DC/DC converter 110 and a PD operational
circuitry 720. A positive power lead and anegative power lead
are shown; the positive and negative power leads being opera-
tively connected over communication cabling 60 to PSE 40
(not shown) as described above 1n relation to FIGS. 1a-1c¢. In
an exemplary embodiment polarity 1s ensured through the use
of diode bridges.

Switch 710 1s connected to enable the presentation of sig-
nature impedance 730 across the positive and negative power
leads by control circuit 750. Controllable current source 740
1s connected across the positive and negative power leads, and
1s operable by control circuit 750. In an exemplary embodi-
ment, the value of the current which may be transmitted by
controllable current source 740 1s a function of a resistance,
R, .. (not shown). Voltage sensor 745 1s connected across the
positive and negative power leads and the output of voltage
sensor 745 1s connected to control circuit 750. Variable cur-
rent source 810 1s connected across the positive and negative
power leads, and the control input of variable current source
810 15 connected to an output of control circuit 750. Switch
760 1s connected to enable connection of the negative power
lead to the negative power mput of DC/DC converter 110 by
control circuit 750. The positive power lead 1s connected to
the positive power mnput of DC/DC converter 110. The power
output of DC/DC converter 110 1s connected to PD opera-
tional circuitry 720. Optionally, a data path 770 between PD
operational circuitry 720 and control circuit 750 1s provided.
Preferably, optional data path 770 includes 1solation circuitry
such as an opto-isolator or transformer. Control circuit 750
exhibits an optional power good signal 780, connected to
DC/DC converter 110.

Settable priority indicator 790 1s connected to control cir-
cuit 750, and 1s illustrated as a switch, the arm of which 1s
connected to a port of control circuit 750 and whose posts are
connected through one of a plurality of resistors of non-equal
value to ground. Thus, control circuit 750 1s operable to detect
the state of settable priority indicator 790 by measuring the
resistance to ground. Settable priority indicator 790 1s 1llus-
trated as a switch with a plurality of non-equal resistances,
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however this 1s not meant to be limiting 1n any way. In another
embodiment settable priority indicator 790 comprises a
switch whose posts are connected to ports of control circuit
750 and whose arm 1s connected to a constant voltage point,
such as ground. In yet another embodiment, settable priority
indicator 790 comprises a soltware program run on control
circuit 750. In yet another embodiment settable priority indi-
cator 790 may be a factory set firmware code stored 1n control
circuit 750. Settable priority indicator 790 thus may be any
combination of hardware and software, functional to indicate
a priority level indication to control circuit 750. Settable
priority indicator 790 may be settable by a user, authorized
installation personnel, or a factory set up without exceeding
the scope of the mnvention. Settable priority indicator 790 1s
illustrated as being connected to control circuit 750, however
this 1s not meant to be limiting in any way. In another embodi-
ment (not shown) settable priority indicator 790 1s connected
to PD operational circuitry 720 without exceeding the scope
ol the invention.

In operation, control circuit 750 operates switch 710 during
the detection phase to present signature impedance 730
across the positive and negative power leads. Signature
impedance 730 presents a valid signature impedance to PSE
40. After completion of the detection phase, control circuit
750 opens switch 710, thereby preventing signature imped-
ance 730 from acting as a load during the operation of PD
operational circuitry 720. During the optional classification
phase described above in relation to FIGS. 2a-4b, control
circuit 750 operates controllable current source 740 to gen-
crate the appropriate classification current, typically select-
able by an external resistor (not shown).

Control circuit 750 senses operating voltage exceeding vV _
via voltage sensor 745, and operates variable current source
810 to generate a plurality of current levels thus enabling
communication as illustrated by respective wavelforms 420,
450, 510, 540, 610 and 640 of FIGS. 3a-45. Variable current
source 810 may provide any number of levels of current.
Communication preferably comprises data corresponding to
the priority level indicated by settable priority indicator 790.

Operating current to DC/DC converter 110 1s provided by
control circuit 750 closing switch 760. Optional power good
signal 780 enables DC/DC converter 110. The output of
DC/DC converter 110 1s fed to PD operational circuitry 720.
Communication of data from PD operational circuitry 720 to
control circuit 750 1s provided by optional data path 770. As
will be described further hereinto below, and preferably in
relation to the second embodiment illustrated above 1n rela-
tion to FIGS. 4a and 4b, after start up of PD operational
circuitry 720 data 1s provided from PD operational circuitry
720 to control circuit 750 via optional data path 770. In the
embodiment (not shown) 1n which settable priority indicator
790 1s connected to PD operational circuitry 720, data com-
prises the priority level indicated by settable priority indicator
790. The information provided to control circuit 750 from PD
operational circuitry 720 1s transmitted to PSE 40 as 1llus-
trated by waveforms 3540, 640 of FIGS. 4a, 4b. In an exem-
plary embodiment optional power good signal 780 maintains
operation of DC/DC converter 110 after the opening of switch
760 to discharge the mput capacitance of DC/DC converter
110. Preferably a feedback path notifies control circuit 750 of
the discharge state of the mput capacitance of DC/DC con-
verter 110, thus control circuit 750 disables optional power
good signal 780 after discharge of the mput capacitance of
DC/DC converter 110. In another embodiment, optional
power good signal 780 1s maintained for a fixed time period.

FIG. 5¢ illustrates a high level block diagram of a third
embodiment of a powered device in accordance with the
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principle of the current invention comprising PD interface
circuitry 900, a switch 760, a settable priority indicator 790
and an associated PD operating circuitry 100. PD interface
circuitry 900 comprises: a switch 710 1llustrated as a FET
switch; a signature impedance 730; a controllable current
source 740; a voltage sensor 745; a variable impedance 910;

a control circuit 750; and a positive and negative power lead.
Switch 90 of FIGS. 1a-1c¢1s illustrated as N-MOS FE'T switch

760 exhibiting parasitic capacitance 765, however this 1s not
meant to be limiting 1n any way, and switch 760 may be any
clectronically controlled switch. PD operating circuitry 100
comprises a DC/DC converter 110 and a PD operational
circuitry 720. A positive power lead and anegative power lead
are shown; the positive and negative power leads being opera-
tively connected over communication cabling 60 to PSE 40
(not shown) as described above 1n relation to FIGS. 1a-1c¢. In

an exemplary embodiment polarity 1s ensured through the use
of diode bridges.

Switch 710 1s connected to enable the presentation of sig-
nature impedance 730 across the positive and negative power
leads by control circuit 750. Controllable current source 740
1s connected across the positive and negative power leads, and
1s operable by control circuit 750. In an exemplary embodi-
ment, the value of the current which may be transmitted by
controllable current source 740 1s a function of a resistance,
R _, .. (notshown). Voltage sensor 745 1s connected across the
positive and negative power leads and the output of voltage
sensor 745 1s connected to control circuit 750. Variable
impedance 910 1s connected across the positive and negative
power leads, and the control input of variable impedance 910
1s connected to an output of control circuit 750. Switch 760 1s
connected to enable connection by control circuit 750 of the
negative power lead to the negative power input of DC/DC
converter 110. The positive power lead 1s connected to the
positive power mput of DC/DC converter 110. The power
output of DC/DC converter 110 1s connected to PD opera-
tional circuitry 720. Optionally, a data path 770 between PD
operational circuitry 720 and control circuit 750 1s provided.
Preferably, optional data path 770 includes 1solation circuitry
such as an opto-isolator or transformer. Control circuit 750

exhibits an optional power good signal 780, connected to
DC/DC converter 110.

Settable priority indicator 790 1s connected to control cir-
cuit 750, and 1s illustrated as a switch, the arm of which 1s
connected to a port of control circuit 750 and whose posts are
connected through one of a plurality of resistors of non-equal
value to ground. Thus, control circuit 750 1s operable to detect
the state of settable priority indicator 790 by measuring the
resistance to ground. Settable priority indicator 790 1s illus-
trated as a switch with a plurality of non-equal resistances,
however this 1s not meant to be limiting in any way. In another
embodiment settable priority indicator 790 comprises a
switch whose posts are connected to ports of control circuit
750 and whose arm 1s connected to a constant voltage point,
such as ground. In yet another embodiment, settable priority
indicator 790 comprises a soltware program run on control
circuit 750. In yet another embodiment settable prionty indi-
cator 790 may be a factory set firmware code stored 1n control
circuit 750. Settable priority indicator 790 thus may be any
combination of hardware and software, functional to indicate
a priority level indication to control circuit 750. Settable
priority indicator 790 may be settable by a user, authorized
installation personnel, or a factory set up without exceeding
the scope of the invention. Settable priority indicator 790 1s
illustrated as being connected to control circuit 750, however
this 1s not meant to be limiting in any way. In another embodi-
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ment (not shown) settable priority indicator 790 1s connected
to PD operational circuitry 720 without exceeding the scope
of the invention.

In operation, control circuit 750 operates switch 710 during,
the detection phase to present signature impedance 730
across the positive and negative power leads. Signature
impedance 730 presents a valid signature impedance to PSE
40. After completion of the detection phase, control circuit
750 opens switch 710, thereby preventing signature imped-
ance 730 from acting as a load during the operation of PD
operational circuitry 720. During the optional classification
phase described above 1n relation to FIGS. 2a-4b, control
circuit 750 operates controllable current source 740 to gen-
crate the appropnate classification current.

Control circuit 750 senses operating voltage exceeding vV _
via voltage sensor 745, and operates variable impedance 910
to generate a plurality of current levels 1n cooperation with
power being supplied by PSE 40, thus enabling communica-
tion as illustrated by respective wavetforms 420, 450, 510,
540, 610 and 640 of FIGS. 3a-4b. Variable impedance 910
may provide any number of levels of current. Communication
preferably comprises data corresponding to the priority level
indicated by settable priority indicator 790.

Operating current 1s provided to DC/DC converter 110 by
control circuit 750 closing switch 760. Optional power good
signal 780 enables DC/DC converter 110. The output of
DC/DC converter 110 1s fed to PD operational circuitry 720.
Communication of data from PD operational circuitry 720 to
control circuit 750 1s provided by optional data path 770. As
will be described further hereinto below, and preferably in
relation to the second embodiment illustrated above 1n rela-
tion to FIGS. 4a and 4b, after start up of PD operational
circuitry 720, data 1s provided from PD operational circuitry
720 to control circuit 750 via optional data path 770. In the
embodiment (not shown) 1n which settable priority indicator
790 1s connected to PD operational circuitry 720, data com-
prises the priority level indicated by settable priority indicator
790. The information provided to control circuit 750 from PD
operational circuitry 720 1s transmitted to PSE 40 as 1llus-
trated by waveforms 3540, 640 of FIGS. 4a, 4b. In an exem-
plary embodiment optional power good s1ignal 780 maintains
operation of DC/DC converter 110 after the opening of switch
760 to discharge the mnput capacitance of DC/DC converter
110. Preferably a feedback path notifies control circuit 750 of
the discharge state of the mput capacitance of DC/DC con-
verter 110, thus control circuit 750 disables optional power
good signal 780 after discharge of the mput capacitance of
DC/DC converter 110. In another embodiment, optional
power good signal 780 1s maintained for a fixed time period.

FIG. 5d illustrates a high level block diagram of a fourth
embodiment of a powered device in accordance with the
principle of the current invention comprising a PD interface
circuitry 950 comprising a switch 760, and an associated PD
operating circuitry 100. PD interface circuitry 950 comprises:
a switch 710 1llustrated as a FET switch; a controllable cur-
rent source 740; a voltage sensor 743; a vaniable current
source 810; a control circuit 750; a switch 760 1llustrated as an
N-MOS FET switch exhibiting parasitic capacitance 765; and
a PWM or resonance controller 960. A signature impedance
730 and a classification resistor 755 are externally connected
to powered device interface circuit 950. Switch 90 of FIGS.
1a-1c 1s 1llustrated as internal FET switch 760, however this
1s not meant to be limiting 1n any way, and FET switch 760
may be any electronically controlled switch. A positive power
lead and a negative power lead are shown; the positive and
negative power leads being operatively connected over com-
munication cabling 60 to PSE 40 (not shown) as described




US 7,898,406 B2

19

above 1n relation to FIGS. 1a-1c¢. In an exemplary embodi-
ment polarity 1s ensured through the use of diode bridges.

PD operating circuitry 100 comprises: a DC/DC converter
110; a PD operational circuitry 720; and a settable priority
indicator 790. DC/DC converter 110 comprises: a input
capacitor 962; a switch 964 illustrated as a FET switch; a
sense resistance 967; a fly-back transformer 966; a diode 968;
an output capacitor 970; and a plurality of feedback resistors
972 and 974. Switch 964 1s 1llustrated as a FET switch how-
ever this 1s not meant to be limiting in any way, and switch 964
may be any electronically controlled switch. It 1s to be noted
that PWM or resonance controller 960 1s normally part of
DC/DC converter 110, and 1n this implementation has been
placed within powered device interface circuit 950.

Settable priority indicator 790 1s connected to PD opera-
tional circuitry 720, and 1s 1llustrated as a switch, the arm of
which 1s connected to a port of PD operational circuitry 720
and whose posts are connected through one of a plurality of
resistors on non-equal value to ground. Thus, PD operational
circuitry 720 1s operable to detect the state of settable priority
indicator 790 by measuring the resistance to ground. Settable
priority indicator 790 1s illustrated as a switch with a plurality
ol non-equal resistances, however this 1s not meant to be
limiting 1n any way. In another embodiment settable priority
indicator 790 comprises a switch whose posts are connected
to ports of PD operational circuitry 720 and whose arm 1s
connected to a constant voltage point, such as ground. In yet
another embodiment, settable priority indicator 790 com-
prises a soltware program run on PD operational circuitry
720. In yet another embodiment settable priority indicator
790 may be a factory set firmware code store 1n PD opera-
tional circuitry 790. Settable priority indicator 790 thus may
be any combination of hardware and software, functional to
indicate a priority level indication to PD operational circuitry
720. Settable priority indicator 790 may be settable by a user,
authorized installation personnel, or a factory set up without
exceeding the scope of the invention. Settable priority indi-
cator 790 1s illustrated as being connected to PD operational
circuitry 720, however this 1s not meant to be limiting in any
way. In another embodiment settable priority indicator 790 1s
connected to control circuit 750 without exceeding the scope
of the mvention.

Switch 710 1s connected to enable the presentation of sig-
nature impedance 730 across the positive and negative power
leads by control circuit 750. Controllable current source 740
1s connected across the positive and negative power leads, and
1s operable by control circuit 750. The value of the current
transmitted by controllable current source 740 1s a function of
classification resistor 755. Voltage sensor 745 1s connected
across the positive and negative power leads and the output of
voltage sensor 745 1s connected to control circuit 750. Vari-
able current source 810 1s connected across the positive and
negative power leads, and the control input of variable current
source 810 1s connected to an output of control circuit 750.
Switch 760 1s connected to enable connection of the negative
power lead to the negative power input of DC/DC converter
110 by control circuit 750. The positive power lead 1s con-
nected to the positive power mput of DC/DC converter 110.
The power output of DC/DC converter 110 1s connected to PD
operational circuitry 720. Optionally, a datapath 770 between
PD operational circuitry 720 and control circuit 750 1s pro-
vided. Preferably, optional data path 770 includes 1solation
circuitry such as an opto-isolator or transformer. Control cir-
cuit 750 exhibits a communication path 980 to PWM or
resonance controller 960.

DC/DC converter 110 1s 1llustrated as being a non-isolated
tfly-back topology, however this 1s not meant to be limiting 1n
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any way. Other topologies, including, but not limited to, for-
ward, push-pull and bridge are specifically meant to be
included without exceeding the scope of the invention. Each
of the above topologies may be supplied either 1solated or
non-isolated without exceeding the scope of the invention.
Input capacitor 962, which 1n an exemplary embodiment
comprises an electrolytic capacitor valued between 47 uf and
4’70 ut, 1s connected across the positive and negative power
leads at the mput of DC/DC converter 110. The primary of
fly-back transformer 966 1s connected through switch 964
and sense resistance 967 across the negative and positive
power leads. Switch 964 1s operatively connected to an output
of PWM or resonance controller 960. The voltage generated
across sense resistance 967 i1s connected as an input to PWM
or resonance controller 960. The secondary of fly-back trans-
former 966 1s connected through diode 968 as the power input
to PD operational circuitry 720. Output capacitor 970 1s con-
nected across the output of DC/DC converter 110. Feedback
resistors 972 and 974 form a voltage divider across the output
of DC/DC converter 110, and the divided output 1s connected
to an input of PWM or resonance controller 960. In the event
that an 1solated topology 1s utilized, the divided output from
teedback resistors 972 and 974 1s fed through an appropnate
1solator to an mput of PWM or resonance controller 960.

In operation, control circuit 750 operates switch 710 during,
the detection phase to present signature impedance 730
across the positive and negative power leads. Signature
impedance 730 presents a valid signature impedance to PSE
40. After completion of the detection phase, control circuit
750 opens switch 710, thereby preventing signature imped-
ance 730 from acting as a load during the operation of PD
operational circuitry 720. During the optional classification
phase described above 1n relation to FIGS. 2a-4b, control
circuit 750 operates controllable current source 740 to present
the approprate classification current across the positive and
negative power leads.

Control circuit 750 senses operating voltage exceedingV_
via voltage sensor 745, and operates variable current source
810 to generate a plurality of current levels thus enabling
communication as illustrated by respective wavetorms 420,
450, 510, 540, 610 and 640 of FIGS. 3a-45. Variable current
source 810 may provide any number of levels of current. In
the embodiment (not shown) 1n which settable priority indi-
cator 790 1s connected to control circuit 750, communication
preferably comprises data corresponding to the prionty level
indicated by settable priority indicator 790.

Operating current 1s provided to DC/DC converter 110 by
control circuit 750 closing switch 760. Control circuit 750
cnables PWM or resonance controller 960 via communica-
tion path 980. PWM or resonance controller 960 pulses
switch 964 to generate an appropriate voltage output of
DC/DC converter 110 to be fed to PD operational circuitry
720. Advantageously, communication path 980 1s bi-direc-
tional, thus PWM or resonance controller 960 which acts as a
portion ol DC/DC converter 110 1s 1n communication with
control circuit 750.

Communication of data from PD operational circuitry 720
to control circuit 750 1s provided by optional data path 770. In
one embodiment optional data path 770 1s provided with
1solation. As will be described further hereinto below, and
preferably 1n relation to the second embodiment illustrated
above 1n relation to FIGS. 4a and 4b, after start up of PD
operational circuitry 720 data, comprising data correspond-
ing to the priority level indicated by settable priority indicator
790, 1s provided from PD operational circuitry 720 to control
circuit 750 via optional data path 770. The information pro-
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vided to control circuit 750 from PD operational circuitry 720
1s transmitted to PSE 40 as illustrated by wavetforms 540 640
of FIGS. 4a, 4b.

It 1s to be noted that during shut off of FET switch 760 a
parasitic path for discharge of input capacitor 962 1s present
through parasitic diode 765. Preferably, control circuit 750
maintains the operation of PWM or resonance controller 960
via communication path 980 after opening FET switch 760 so
as discharge input capacitor 962. In particular, control circuit
750 operates PWM or resonance controller 960 despite the
shut off of FET switch 760, and preferably maintains opera-
tion of PWM or resonance controller 960 as long as 1s prac-
ticable. Voltage sense mputs of PWM or resonance controller
960 are 1n one embodiment transmitted to control circuit 750
via communication path 980 thus enabling control circuit 750
to maintain the operation of PWM or resonance controller
960 only until discharge of capacitor 960. Advantageously, 1n
the event of a loss of power from PSE 40, the operation of
PWM or resonance controller 960 1s maintained after opening
switch 760, thus discharging input capacitor 962. Discharg-
ing input capacitor 962 acts to ensure that residual voltage
across mput capacitor 962 does not interfere with a future
detection cycle.

Preferably, control circuit 750 operates controllable cur-
rent source 740 during shut down of power from PSE 40, thus
advantageously discharging any capacitance across the mput
of PD iterface circuitry 950. Furthermore, the operation of
controllable current source 740 during shut down of power
from PSE 40 acts to discharge input capacitor 962. Preferably,
control circuit 750 operates switch 710 during shut down of
power from PSE 40, thus advantageously discharging any
capacitance across the iput of PD interface circuitry 950
through impedance 720. Furthermore, the operation of switch
710 during shut down of power from PSE 40 acts to discharge
input capacitor 962.

Preferably, the rapid discharge of input capacitor 962
enhances the slope of discharge as illustrated by waveiforms
530, 630 of FIGS. 4a and 4b. Thus, the discharge of 1mput
capacitor 962 advantageously enables early communication
as illustrated by waveforms 3540, 640 of FIGS. 4a, and 45 by
removing any stray currents from the communication loop. In
one embodiment the discharge of input capacitor 962 requires
approximately 1 second. Preferably, during discharge of
input capacitor 962 control circuit 750 ensures a valid DC-
MPS through the operation of variable current source 810.

FIG. 5e illustrates a high level block diagram of a fifth
embodiment of a powered device in accordance with the
principle of the current invention comprising a PD interface
circuitry 950 and associated PD operating circuitry 100. PD
interface circuitry 950 comprises: a switch 710 illustrated as
a FE'T switch 710; a controllable current source 740; a voltage
sensor 745; a variable current source 810; a control circuit
750; a switch 760 1llustrated as FET switch 760; a PWM or
resonance controller 960; and a settable priority indicator
790. A signature impedance 730 and classification resistor
755 are externally connected to powered device interface
circuit 950. Switch 90 of FIGS. 1a-1¢ 1s 1llustrated as internal
N-MOS FET switch 760 exhibiting a parasitic capacitance
765, however this 1s not meant to be limiting 1n any way, and
switch 760 may be any electronically controlled switch. A
positive power lead and a negative power lead are shown; the
positive and negative power leads being operatively con-
nected over communication cabling 60 to PSE 40 (not shown)
as described above 1n relation to FIGS. 1a-1c¢. In an exem-
plary embodiment polarity 1s ensured through the use of
diode bridges.
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PD operating circuitry 100 comprises a DC/DC converter
110 and a PD operational circuitry 990. DC/DC converter 110
comprises: an input capacitor 962; a switch 964 1llustrated as
FET switch 964; a sense resistance 967; a fly-back trans-
former 966; a diode 968; an output capacitor 970; and a
plurality of feedback resistors 972 and 974. Switch 964 1s

illustrated as a FET switch however this 1s not meant to be
limiting 1n any way, and switch 964 may be any electronically

controlled switch. It 1s to be noted that PWM or resonance
controller 960 1s normally part of DC/DC converter 110, and
in this implementation has been placed within powered
device mterface circuit 950. PD operational circuitry 990
comprises a PD control circuit 992 and an other PD opera-
tional circuitry 994.

Switch 710 1s connected to enable the presentation of sig-
nature impedance 730 across the positive and negative power
leads by control circuit 750. Controllable current source 740
1s connected across the positive and negative power leads and
1s operable by control circuit 750. The value of the current
transmitted by controllable current source 740 1s a function of
classification resistor 755. Voltage sensor 745 1s connected
across the positive and negative power leads and the output of
voltage sensor 745 1s connected to control circuit 750. Vari-
able current source 810 1s connected across the positive and
negative power leads, and the control input of variable current
source 810 1s connected to an output of control circuit 750.
Switch 760 1s connected to enable connection of the negative
power lead to the negative power input of DC/DC converter
110 by control circuit 750. The positive power lead 1s con-
nected to the positive power input of DC/DC converter 110.
The power output of DC/DC converter 110 1s connected to PD
operational circuitry 720. An optional data path 985 between
PD control circuit 992 and control circuit 750 1s provided.
Preferably, optional data path 9835 includes 1solation circuitry
such as an opto-isolator or transformer. Control circuit 750

exhibits an optional communication path 980 to PWM or
resonance controller 960.

DC/DC converter 110 1s 1llustrated as being a non-1solated
fly-back topology, however this 1s not meant to be limiting 1n
any way. Other topologies, including, but not limited to, for-
ward, push-pull and bridge are specifically meant to be
included without exceeding the scope of the invention. Each
of the above topologies may be supplied either 1solated or
non-isolated without exceeding the scope of the invention.
Input capacitor 962, which 1n an exemplary embodiment
comprises an electrolytic capacitor valued between 47 uf and
470 ut, 1s connected across the positive and negative power
leads at the mput of DC/DC converter 110. The primary of
fly-back transformer 966 1s connected through switch 964
and sense resistance 967 across the negative and positive
power leads. Switch 964 1s operatively connected to an output
of PWM or resonance controller 960. The voltage generated
across sense resistance 967 i1s connected as an input to PWM
or resonance controller 960. The secondary of fly-back trans-
former 966 1s connected through diode 968 as the power input
to PD operational circuitry 720. Output capacitor 970 1s con-
nected across the output of DC/DC converter 110. Feedback
resistors 972 and 974 form a voltage divider across the output
of DC/DC converter 110, and the divided output 1s connected
to an input of PWM or resonance controller 960. In the event
that an 1solated topology 1s utilized, the divided output from
teedback resistors 972 and 974 1s fed through an appropriate
1solator to an input of PWM or resonance controller 960.

The output of DC/DC converter 110 1s fed to PD opera-
tional circuitry 990. PD control circuit 992 1s operational to
enable other PD operational circuitry 994.
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Settable priority indicator 790 1s connected to control cir-
cuit 750, and 1s illustrated as a switch, the arm of which 1s
connected to a port of control circuit 750 and whose posts are
connected through one of a plurality of resistors of non-equal
value to ground. Thus, control circuit 750 1s operable to detect
the state of settable priornity indicator 790 by measuring the
resistance to ground. Settable priority indicator 790 1s illus-
trated as a switch with a plurality of non-equal resistances,
however this 1s not meant to be limiting in any way. In another
embodiment settable priority indicator 790 comprises a
switch whose posts are connected to ports of control circuit
750 and whose arm 1s connected to a constant voltage point,
such as ground. In yet another embodiment, settable priority
indicator 790 comprises a soltware program run on control
circuit 750. In yet another embodiment settable prionty indi-
cator 790 may be a factory set firmware code stored in control
circuit 750. Settable priority indicator 790 thus may be any
combination of hardware and software, functional to indicate
a priority level indication to control circuit 750. Settable
priority indicator 790 may be settable by a user, authorized
installation personnel, or a factory set up without exceeding
the scope of the invention. Settable priority indicator 790 1s
illustrated as being connected to control circuit 750, however
this 1s not meant to be limiting in any way. In another embodi-
ment (not shown) settable priority indicator 790 1s connected
to one of PD control circuit 992 and other PD operational
circuitry 994 without exceeding the scope of the invention.

In operation, control circuit 750 operates switch 710 during,
the detection phase to present signature impedance 730
across the positive and negative power leads. Signature
impedance 730 presents a valid signature impedance to PSE
40. After completion of the detection phase, control circuit
750 opens switch 710, thereby preventing signature imped-
ance 730 from acting as a load during the operation of PD
operational circuitry 720. During the optional classification
phase described above 1n relation to FIGS. 2a-4b, control
circuit 750 operates controllable current source 740 to present
the approprate classification current across the positive and
negative power leads. The value of variable current source
740 1s set 1n accordance with classification resistance 755.

Control circuit 750 senses operating voltage exceedingV
via voltage sensor 745, and operates variable current source
810 to generate a plurality of current levels thus enabling
communication as illustrated by respective wavetorms 420,
450, 510, 540, 610 and 640 of FIGS. 3a-454. Variable current
source 810 may provide any number of levels of current.
Communication preferably comprises data corresponding to
the prionty level indicated by settable priority indicator 790.

Operating current 1s provided to DC/DC converter 110 by
control circuit 750 closing switch 760. Control circuit 750
enables PWM or resonance controller 960 via communica-
tion path 980. PWM or resonance controller 960 operates
switch 964 to generate an appropriate voltage output of
DC/DC converter 110 to be fed to PD operational circuitry
720. Advantageously, communication path 980 1s bi-direc-
tional, thus PWM or resonance controller 960 which acts as a
portion of DC/DC converter 110 1s 1n communication with
control circuit 750.

Communication of data from PD control circuit 992 to
control circuit 750 1s provided by optional data path 985. In
one embodiment optional data path 985 i1s provided with
isolation. In another embodiment, optional data path 9835
comprises a bi-directional data path such as a UART commu-
nication path. As will be described further hereinto below in
relation to FIG. 6¢, and preferably 1n relation to the second
embodiment 1llustrated above 1n relation to FIGS. 4a and 45,
after start up of PD control circuit 992, data 1s provided from
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PD control circuit 992 to control circuit 750 via optional data
path 985. In the embodiment (not shown) 1n which settable
priority indicator 790 1s connected to one of PD circuit 992
and other PD operational circuitry 994, data comprises the
priority level indicated by settable priority indicator 790. The
information provided to control circuit 750 from PD control

circuit 992 1s transmitted to PSE 40 as 1llustrated by wave-
forms 540, 640 of FIGS. 4a, 45.

In one embodiment, PD control circuit 992 does not ener-
gize other PD operational circuitry 994 until after data has
been communicated to control circuit 750 and transmitted to
PSE 40. In an exemplary embodiment, this 1s accomplished
by a first turn on of power to PD operating circuitry 100; data
communication from PD control circuit 992 to control circuit
750; disconnection of power by control circuit 750 from PD
operating circuitry 100; communication from control circuit
750 to PSE 40; and the reconnection of power by control 750
to PD operating circuitry 100. Thus, 1n one embodiment,
during start up of PD control circuit 992 through the recon-
nection ol power, control circuit 750 monitors power con-
sumption and ensures a valid DC-MPS through the operation
of variable current source 810. In an exemplary embodiment,
information regarding the value of current sensed by sense
resistance 967 input to PWM or resonance controller 960 1s
communicated via communication path 980 to control circuit

750 as an 1ndication of power consumption of PD operating
circuitry 100.

It 1s to be noted that during shut off of FET switch 760, a
parasitic path for discharge of input capacitor 962 is present
through FET switch 760. Preferably, control circuit 750
maintains the operation of PWM or resonance controller 960
via communication path 980 after opening FET switch 760 so
as discharge iput capacitor 962. In particular, control circuit
750 operates PWM or resonance controller 960 despite the
shut off of FET switch 760, and preferably maintains opera-
tion of PWM or resonance controller 960 as long as 1s prac-
ticable. Voltage sense mputs of PWM or resonance controller
960 are 1n one embodiment transmitted to control circuit 750
via communication path 980 thus enabling control circuit 750
to maintain the operation of PWM or resonance controller
960 only until discharge of capacitor 960. Advantageously, 1in
the event of a loss of power from PSE 40, the operation of
PWM orresonance controller 960 1s maintained after opening
switch 760, thus discharging input capacitor 962. Discharg-
ing input capacitor 962 acts to ensure that residual voltage
across mput capacitor 962 does not interfere with a future
detection cycle.

Preferably, control circuit 750 operates controllable cur-
rent source 740 during shut down of power from PSE 40, thus
advantageously discharging any capacitance across the input
of PD interface circuitry 950. Furthermore, the operation of
controllable current source 740 during shut down of power
from PSE 40 acts to discharge input capacitor 962. Preferably,
control circuit 750 operates switch 710 during shut down of
power from PSE 40, thus advantageously discharging any
capacitance across the iput of PD interface circuitry 950
through impedance 720. Furthermore, the operation of switch
710 during shut down of power from PSE 40 acts to discharge
input capacitor 962.

Preferably, the rapid discharge of input capacitor 962
enhances the slope of discharge as 1llustrated by waveforms
530, 630 of FIGS. 4a and 4b. Thus, the discharge of mnput
capacitor 962 advantageously enables early communication
as 1llustrated by wavetorms 340, 640 of FIGS. 4a, and 45 by

removing any stray currents from the communication loop.



US 7,898,406 B2

25

Preferably, during discharge of input capacitor 962 control
circuit 750 ensures a valid DC-MPS through the operation of
variable current source 810.

FIG. 6a 1llustrates a high level flow chart of a first embodi-
ment of the operation of control circuit 750 of FIGS. 5a-5¢ in
accordance with the principle of the current invention. In
stage 2000, a signature impedance, such as signature imped-
ance 730, 1s presented to PSE 40. As indicated above, after
completion of the signature phase, preferably control circuit
750 removes signature impedance 730 from the circuit by
opening switch 710. In stage 2010, optionally an appropriate
classification current 1s presented to PSE 40. In an exemplary
embodiment this 1s accomplished by controllable current
source 740.

In stage 2020, operating voltage such as that described
above 1n relation to waveform 340 of FIG. 2a 1s detected by
voltage sensor 745. In prior art implementations, switch 90
would be closed 1n response thereby enabling DC/DC con-
verter 110. In the subject invention respective switches 90,
760 remains open thus inhibiting and delaying the operation
of DC/DC converter 110. In stage 2030, multi-bit informa-
tion, comprising priority mformation reflecting the setting of
settable priority indicator 790, 1s transmitted by utilizing a
plurality of current levels. Preferably as part of stage 2030,
configuration information 1s first collected by the control
circuit prior to transmission. In one embodiment, as described
above 1n relation to PD interface circuitry 700 of FIG. 5a, the
plurality of current levels are generated by control circuit 750
operating switch 730 thus switching classification current
source 740 alternatively across the positive and negative
power leads and out of the circuit. In another embodiment, as
described above 1n relation to PD interface circuitry 800 of
FIG. $b, the plurality of current levels are generated by con-
trol circuit 750 operating variable current source 810. In yet
another embodiment, as described above 1n relation to PD
interface circuitry 900 of FIG. 5¢, the plurality of current
levels are generated by control circuit 750 operating variable
impedance 910. In one embodiment multi-bit communication
1s transmitted over an interval less than 300 ms, thus a valid
DC-MPS 1s presented by the operation of PD operational
circuitry 720 after the closing of switch 760. In another
embodiment the timing and current levels of communication
by varniable current source 810 and variable impedance 910,
respectively, 1s pre-designed to ensure a valid DC-MPS.

After communication between control circuit 750 and PSE
40 15 Completed in accordance with stage 2030, 1n stage 2040,
power 1s connected to PD operational circuitry 720. Prefer-
ably, control circuit 750 closes FET switch 760 thereby pow-
ering DC/DC converter 110. DC/DC converter 110 outputs
power to PD operational circuitry 720 thereby enabling
operation.

FIG. 6b illustrates a high level flow chart of a second
embodiment of the operation of the controller of FIGS. 5a-5¢
in accordance with the principle of the current invention. In
stage 2100, a signature impedance, such as signature imped-
ance 730, 1s presented to PSE 40. As indicated above, after
completion of the signature phase, preferably control circuit
750 removes signature impedance 730 from the circuit by
opening switch 710. In stage 2110, optionally an appropriate
classification current 1s presented to PSE 40. In an exemplary
embodiment this 1s accomplished by controllable current
source 740.

In stage 2120, operating voltage such as that described
above 1n relation to wavetform 340 of FIG. 2a 1s detected. In
prior art implementations, switch 90 would be closed in
response thereby enabling DC/DC converter 110. In the sub-
ject mvention respective switches 90, 760 remains open thus
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inhibiting and delaying the operation of DC/DC converter
110. In stage 2130, multi-bit information 1s transmitted by
utilizing a plurality of current levels. Preferably as part of
stage 2030, configuration information 1s first collected by the
control circuit prior to transmission. In one embodiment, as
described above 1n relation to PD interface circuitry 700 of
FIG. 3a, the plurality of current levels are generated by con-
trol circuit 750 operating switch 730 thus switching classifi-
cation current source 740 alternatively across the positive and
negative power leads and out of the circuit. In another
embodiment, as described above 1n relation to PD interface
circuitry 800 of FIG. 35, the plurality of current levels are
generated by control circuit 750 operating variable current
source 810. In yet another embodiment, as described above 1n
relation to PD interface circuitry 900 of FIG. 5¢, the plurality
of current levels are generated by control circuit 750 operat-
ing variable impedance 910. In one embodiment multi-bat
communication 1s transmitted over an interval less than 300
ms, thus a valid DC-MPS 1s presented by the operation of PD
operational circuitry 720 after the closing of switch 760. In
another embodiment the timing and current levels of commu-
nication by variable current source 810 and variable imped-
ance 910, respectively, 1s pre-designed to ensure a valid DC-
MPS.

After communication between control circuit 750 and PSE
40 1s completed, 1n stage 2140 power 1s connected to PD
operational circuitry 720. Preferably, control circuit 750
closes FE'T switch 760 thereby powering DC/DC converter
110. After start up, DC/DC converter 110 outputs power to
PD operational circuitry 720 thereby enabling operation. As
part of an initialization routine of PD operational circuitry
720, preferably data regarding PD operational circuitry 720,
preferably comprising priority information reflecting the set-
ting of settable priority indicator 790, i1s transmitted over
optional data path 770 to control circuit 750. Thus, 1n stage
2150 data comprising priority information 1s recerved from
PD operational circuitry 720. The data received preferably
turther comprises information regarding one or more of tem-
perature, results of built 1n testing, type of PD operational
circuitry 720 and maximum current draw of PD operational
circuitry. In an exemplary embodiment, PD operational cir-
cuitry 720 comprises an 1.P. telephone powered by PSE 40,
and the setting of settable priority indicator 790 1s indicative
ol the prionty for which power from PSE 40 1s to be supplied.
In an exemplary embodiment, current draw 1s monitored dur-
ing stage 2150 and in the event that current draw 1s insufficient
DC-MPS 1s maintained by the operation of one of variable
current source 810, controllable and variable impedance 910.
In the event that valid data is not recerved 1n stage 2150 a
timeout enables continuation to the next stage.

In stage 2160 power 1s disconnected from PD operational
circuitry 720. In an exemplary embodiment, control circuit
750 opens FE'T switch 760 thereby disconnecting power from
DC/DC converter 110. Preterably, as described above 1n rela-
tion to the embodiment of FIG. 34, the iput capacitance and
input capacitor 962 are discharged by the operation by control
circuit 750 of at least one of the classification current source,
the signature impedance, and PWM or resonance controller
960. In an exemplary embodiment, a valid DC-MPS 1s main-
tamned during discharge of the mput capacitance and input
capacitor 962 by the operation of one of varniable current
source 810, controllable and variable impedance 910. After
settling of any momentary transients, and the discharge of any
input capacitance in stage 2170 multi-bit information com-
prising priority nformation recerved from PD operational
circuitry 720 1s transmitted to PSE 40. In the event that no
valid information has been received, a null message 1s sent.
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Preferably, the multi-bit information 1s transmitted by utiliz-
ing a plurality of current levels. In one embodiment, as
described above 1n relation to PD interface circuitry 700 of
FIG. Sa, the plurality of current levels are generated by con-
trol circuit 750 operating switch 730 thus switching classifi-
cation current source 740 alternatively across the positive and
negative power leads and out of the circuit. In another
embodiment, as described above 1n relation to PD interface
circuitry 800 of FIG. 35, the plurality of current levels are
generated by control circuit 750 operating variable current
source 810. In yet another embodiment, as described above 1n
relation to PD interface circuitry 900 of FI1G. 5S¢, the plurality
of current levels are generated by control circuit 750 operat-
ing variable impedance 910.

After the data 1s transmitted 1n accordance with stage 2170,
in stage 2180 power 1s connected to PD operational circuitry
720. Preferably, control circuit 750 closes FE'T switch 760
thereby powering DC/DC converter 110, which outputs
power to PD operational circuitry 720 thereby enabling
operation.

The above has been described in an embodiment 1n which
PD 1interface circuitry 800, 900 transmits recerved priority
information by shutting down PD operational circuitry 720,
however this 1s not meant to be limiting in any way. In another
embodiment the received settable priority information 1s
stored 1n anon-volatile memory of PD interface circuitry 800,
900 (not shown), and 1s sent by stage 2130 1n a subsequent
start up by PSE 40.

FIG. 6c illustrates a high level flow chart of an embodiment
of the operation of the controller of FIG. 5¢ 1n accordance
with the principle of the current invention. In stage 2200, a
signature 1mpedance, such as signature impedance 730, 1s
presented to PSE 40. As indicated above, alter completion of
the signature phase, preferably control circuit 750 removes
signature impedance 730 from the circuit by opening switch
710. In stage 2210, optionally an appropriate classification
current 1s presented to PSE 40. In an exemplary embodiment
this 1s accomplished by the operation of controllable current
source 740 to PSE 40.

In stage 2220, operating voltage such as that described
above in relation to wavetorm 340 of FIG. 2a1s detected. Inan
exemplary embodiment this 1s accomplished by the operation
of voltage sensor 745. In prior art implementations, switch 90
would be closed 1n response thereby enabling DC/DC con-
verter 110. In the subject invention respective switches 90,
760 remains open thus inhibiting and delaying the operation
of DC/DC converter 110. In stage 2230, multi-bit informa-
tion, comprising priority mformation reflecting the setting of
settable priority indicator 790, 1s transmitted by utilizing a
plurality of current levels. Preferably as part of stage 2230,
configuration information 1s first collected by the control
circuit prior to transmission. In one embodiment, as described
above 1n relation to PD interface circuitry 700 of FIG. 5a, the
plurality of current levels are generated by control circuit 750
operating switch 730 thus switching classification current
source 740 alternatively across the positive and negative
power leads and out of the circuit. In another embodiment, as
described above 1n relation to PD interface circuitry 800 of
FIG. 5b, the plurality of current levels are generated by con-
trol circuit 750 operating variable current source 810. In yet
another embodiment, as described above 1n relation to PD
interface circuitry 900 of FIG. 5¢, the plurality of current
levels are generated by control circuit 750 operating variable
impedance 910. In one embodiment multi-bit communication
1s transmitted over an interval less than 300 ms, thus a valid
DC-MPS 1s presented by the operation of PD operational
circuitry 990 after the closing of switch 760. In another
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embodiment the timing and current levels of communication
by varniable current source 810 and variable impedance 910,
respectively, 1s pre-designed to ensure a valid DC-MPS.

After communication between control circuit 750 and PSE
40 1s completed, 1n stage 2240 power 1s connected to PD
operational circuitry 720. Preferably, control circuit 750
closes FET switch 760 thereby powering DC/DC converter
110. After start up, DC/DC converter 110 outputs power to
PD operational circuitry 990 thereby enabling operation. As
part of an initialization routine of PD operational circuitry
990, PD control circuit 992 prevents the operation of other PD
operational circuitry 994, and transmits data regarding PD
operational circuitry 990 over data path 985 to control circuit
750. In this embodiment control circuit 750 1s unable to rely
on PD operational circuitry 990 to provide a valid DC-MPS,
and thus 1n stage 2250 current draw of PD operational cir-
cuitry 990 1s monitored to ensure a valid DC-MPS. In the
event that insufficient current 1s drawn, control circuit 750
operates one or more of switch 710, switch 730 and variable
current source 810 to ensure a valid DC-MPS.

In stage 2260 data 1s received from PD control circuit 992.
The data received preferably comprises information regard-
ing one or more of temperature, results of built 1n testing, type
of PD operational circuitry 990 and maximum power draw of
PD operational circuitry 990. In the event that valid data 1s not
received 1n stage 2260 a timeout enables continuation to the
next stage.

In stage 2270 power 1s disconnected from PD operational
circuitry 990. In an exemplary embodiment, control circuit
750 opens FE'T switch 760 thereby disconnecting power from
DC/DC converter 110. Preferably, as described above, the
input capacitance and mput capacitor 962 are discharged by
the operation by control circuit 750 of at least one of the
classification current source, the signature impedance, and
PWM or resonance controller 960. In an exemplary embodi-
ment, a valid DC-MPS 1s maintained during discharge of the
input capacitance and input capacitor 962 by the operation of
one of variable current source 810, controllable and variable
impedance 910. After settling of any momentary transients, 1n
stage 2280 multi-bit information comprising information
received from PD control circuit 992 1s transmitted to PSE 40.
Preferably, the multi-bit information 1s transmitted by utiliz-
ing a plurality of current levels. In the event that no valid
information has been received 1n stage 2260, a null message
1s transmitted. In one embodiment, as described above i1n
relation to PD interface circuitry 700 of FIG. 5a, the plurality
of current levels are generated by control circuit 750 operat-
ing switch 730 thus switching classification current source
740 alternatively across the positive and negative power leads
and out of the circuit. In another embodiment, as described
above 1n relation to PD interface circuitry 800 of FIG. 55, the
plurality of current levels are generated by control circuit 750
operating variable current source 810. In yet another embodi-
ment, as described above 1n relation to PD interface circuitry
900 of FIG. 3¢, the plurality of current levels are generated by
control circuit 750 operating variable impedance 910.

After the data 1s transmitted 1n accordance with stage 2280,
in stage 2290 power 1s connected to PD operational circuitry
720. Preferably, control circuit 750 closes FET switch 760
thereby powering DC/DC converter 110, which outputs
power to PD operational circuitry 990. In one embodiment
PD control circuit 992 senses the reestablishment of power, or
in another embodiment receives notification from control
circuit 750 over optional data path 985 that power 1s now
being enabled without an immediate shut down as described
above 1n relation to stage 2270, and enables the operation of
other PD operational circuitry 994.
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FIG. 7a illustrates an embodiment of PSE 40 operative to
detect the communication of the current invention. PSE 40
comprises control 1010, controlled current limited power
source 1030, current sensor 1020 and memory 1040. Current
sensor 1020 1s shown being connected on the return of the
output from controlled current limited power source 1030
however this 1s not meant to be limiting 1n any way. Control
1010 operates controlled current limited power source 1030
in a manner as described above inrelation to FIG. 2a to detect
a compatible PD 1n accordance with the above standard,
optionally obtain classification information and then to sup-
ply current limited power to the PD. Current sensor 1020 1s
operative to supply control 1010 with mnformation regarding
the amount of current being drawn by the PD. In one embodi-
ment current sensor 1020 comprises a sense resistor 1n com-
bination with a voltage comparator having at least one fixed
reference voltage. In yet another embodiment current sensor
1020 comprises a sense resistor in combination with an A/D
converter thereby outputting a digital representation of the
amount of current.

In operation, control 1010 senses, via current sensor 1020,
a plurality of current levels during a predetermined time after
operating power has been enabled to an attached PD. The
current levels, representing data, are decoded and converted
to data. The data 1s stored, as required, in memory 1040.

FIG. 7b illustrates a high level flow chart of an embodiment
of the operation of the control of FIG. 7a. In stage 2400
detection of a compatible PD as described above 1n relation to
wavelorm 310 of FIG. 2qa 1s attempted. In the event that a
compatible PD 1s detected, in stage 2410 optionally classifi-
cation 1s attempted as described above 1n relation to wave-
form 320 of FIG. 2a. In stage 2420 current limited voltage 1s
supplied to the PD as described above 1n relation to wave-
forms 330 and 340 of FIG. 2a.

In stage 2430 the current being consumed by the PD 1s
monitored. In an exemplary embodiment 1nitial communica-
tion 1s to occur within a pre-determined time after the appli-
cation of current limited voltage. In a further exemplary
embodiment the pre-determined time 1s 100 ms. In the event
ol an expected second communication as described above 1n
relation to waveforms 540 and 640 of FIGS. 44 and 45,
preferably 1n the first communication the time for the second
communication 1s transmitted by the PD. Thus, based on the
data received 1n the first communication, communication 1s
expected at a predetermined time.

In stage 2440 a plurality of current levels of the current
monitored 1n stage 2430 1s detected. Preferably the plurality
of current levels 1s detected during the pre-determined peri-
ods described above. In stage 2450 the plurality of current
levels detected 1n stage 2440 1s converted to data. Thus, con-
trol 1010 recerves and decodes digital multi-bit data transmit-
ted from the PD to the PSE. In stage 2460, the data converted
in stage 2450 1s stored 1n memory 1040.

In stage 2470, the total amount of power available 1n the
system 1s compared to the amount of power being drawn by a
plurality of connected PDs. In an exemplary embodiment, as
described above 1n relation to FIG. 1d, a powering system
having limited capabilities 1s connected to supply power to a
plurality of PSEs, each connected to a respective PD, and
under control of a master controller. In the event of a shortage
of power, for example during a total or partial power failure
when power 1s being supplied by a UPS, available power 1s
less than the power being drawn and one or more PDs are to
be disabled. Preferably, as described for example in U.S. Pat.
No. 6,473,608 incorporated by reference above, priority 1s
maintained with lower priority ports being disabled prior to
the disabling of higher priority ports. Advantageously, in
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accordance with a principle of the invention, priority infor-
mation as indicated by settable priority indicator 790, 1s sup-
plied automatically to the PSE.

In the event suilicient power 1s available, in stage 2480
power to all PDs recerving power 1s maintained. Stage 2470 1s
again performed, preferably after a suitable delay.

In the event that 1n stage 2470 suificient power 1s not
available, 1n stage 2490 at least one PD 100 1s disabled 1n
accordance with the priority data stored by the operation of
stage 2460 1n memory 1040.

The present embodiments thus enable the transmission of
information, comprising priority information, from PD inter-
face circuitry to an associated PSE prior to supplying power
to PD operational circuitry, in particular by not enabling a
DC/DC converter of the PD operational circuitry. In one
embodiment, communication occurs after the PSE enables
the PD by supplying an appropriate voltage; however an
1solating switch between the PD interface circuitry and the
PD operational circuitry 1s kept open.

In another embodiment, subsequent to the communication,
the 1solating switch 1s closed thereby enabling the PD opera-
tional circuitry. Data 1s recerved by the PD interface circuitry
from the PD operational circuitry, and subsequently the 1so-
lating switch 1s again opened, thereby disabling the PD opera-
tional circuitry. Data indicative of the information received
from the PD operational circuitry 1s then communicated by
the PD interface circuitry while the PD operational circuitry 1s
disabled. The 1solating switch 1s subsequently again closed
thereby enabling the PD operational circuitry. The invention
also enables a PSE operable to decipher the communication
from the PD interface circuitry.

In one embodiment the priority information 1s supplied to
the PD interface circuit, preferably by means of a user settable
switch. In another embodiment the priority information 1s
supplied to the PD operational circuitry, preferably by one of
a user settable switch and a software routine. The priority
information 1s utilized by the PSE to maintain power, or
disable power, responsive to total power availability.

It 1s appreciated that certain features of the invention,
which are, for clarity, described 1n the context of separate
embodiments, may also be provided in combination 1n a
single embodiment. Conversely, various features of the
invention which are, for brevity, described 1n the context of a
single embodiment, may also be provided separately or 1n any
suitable subcombination. In particular, the invention has been
described with an 1dentification of each powered device by a
class, however this 1s not meant to be limiting 1n any way. In
an alternative embodiment, all powered device are treated
equally, and thus the 1dentification of class with its associated
power requirements 1s not required.

Unless otherwise defined, all technical and scientific terms
used herein have the same meanings as are commonly under-
stood by one of ordinary skill 1n the art to which this invention
belongs. Although methods similar or equivalent to those
described herein can be used 1n the practice or testing of the
present invention, suitable methods are described herein.

All publications, patent applications, patents, and other
references mentioned herein are incorporated by reference in
their entirety. In case of conflict, the patent specification,
including definitions, will prevail. In addition, the materials,
methods, and examples are 1llustrative only and not intended
to be limiting.

It will be appreciated by persons skilled 1n the art that the
present mnvention 1s not limited to what has been particularly
shown and described heremnabove. Rather the scope of the
present invention 1s defined by the appended claims and
includes both combinations and subcombinations of the vari-
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ous features described hereinabove as well as varniations and
modifications thereof which would occur to persons skilled 1in
the art upon reading the foregoing description.

We claim:

1. A method for communicating a settable priority from a
powered device to power sourcing equipment connected
thereto by communication cabling, the method comprising:

sensing an operating voltage level associated with a remote

powering ol the powered device from the power sourc-
ing equipment via the communication cabling, said
sensed operating voltage exceeding a predetermined
value; and

prior to connecting the remote power sourced from the

power sourcing equipment via the communication
cabling to operational circuitry of the powered device,
and subsequent to said sensing, transmitting multi-bit
data to the power sourcing equipment over the commu-
nication cabling by modulating a current flow between
the power sourcing equipment and the powered device
via the communication cabling, said multi-bit data com-
prising settable priority information, said transmitting,
responsive to said sensing.

2. A method according to claim 1, further comprising:

subsequent to said transmitting, connecting the remote

power sourced from the power sourcing equipment via
the communication cabling to said operational circuitry.

3. Amethod according to claim 1, wherein said modulating
of said current flow comprises impressing at least 2 disparate
current levels.

4. A method according to claim 1, wherein said modulating
of said current flow comprises impressing at least 3 disparate
current levels.

5. A method according to claim 1, wherein said multi-bit
data further comprises one of information indicative of a
maximum power level and information indicative of tempera-
ture.

6. A method according to claim 1, wherein said settable
priority information 1s settable by one of a user, an authorized
installation personnel, or a factory set up.

7. A method according to claim 1, wherein said settable
priority information 1s settable by one of a switch and a
soltware program.

8. A method for communicating settable priority data from
a powered device recerving power over communication
cabling to power sourcing equipment supplying the recerved
power, the method comprising:

sensing an operating voltage level associated with aremote

powering of the powered device from the power sourc-
ing equipment via the communication cabling, said
sensed operating voltage exceeding a predetermined
value:

prior to connecting the remote power sourced from the

power sourcing equipment via the communication
cabling to operational circuitry of the powered device,
and subsequent to said sensing, transmitting first multi-
bit data from the powered device to the power sourcing
equipment;

subsequent to said transmitting said first multi-bit data,

connecting the remote power sourced from the power
sourcing equipment via the communication cabling to
the powered device operational circuitry;

subsequent to said connecting, recetving information from

the powered device operational circuitry;

subsequent to said receiving, disconnecting said connected

remote power from the powered device operational cir-
cuitry; and
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subsequent to said disconnecting, and prior to reconnect-
ing said remote power to said operational circuitry,
transmitting second multi-bit data from the powered
device to the power sourcing equipment, said second
multi-bit data being a function of said received informa-
tion,

at least one of said first multi-bit data and said second

multi-bit data being a function of a settable priornity.

9. A method according to claim 8, further comprising after
said transmitting second multi-bit data:

re-connecting the remote power sourced from the power

sourcing equipment via the communication cabling to
the operational circuitry.

10. A method according to claim 8, wherein at least one of
said transmitting first multi-bit data and transmitting second
multi-bit data comprises modulating a current tlow.

11. A method according to claim 10, wherein said modu-
lating of said current flow comprises impressing at least 2
disparate current levels.

12. A method according to claim 10, wherein said modu-
lating of said current flow comprises impressing at least 3
disparate current levels.

13. A method according to claim 8, wherein said second
multi-bit data further comprises information indicative of one
of temperature, result of built in testing, type and maximum
power draw.

14. A method according to claim 8, wherein said first
multi-bit data comprises information indicative of a maxi-
mum power level.

15. A method according to claim 8, wherein said settable
priority 1s user settable.

16. A method according to claim 8, wherein said settable
priority 1s settable by one of a user, an authorized nstallation
personnel, or a factory set up.

17. A method according to claim 8, wherein said received
information from the powered device operational circuitry
comprises said settable prionty.

18. A powered device interface circuit comprising:

a control circuit;

a voltage sensor in communication with said control cir-

cuit:

an 1solating switch operating means responsive to said

control circuit, said 1solating switch operating means
arranged to connect remote power recerved via a com-
munication cabling from a power sourcing equipment to
operational circuitry of a powered device associated
with the powered device iterface circuit;

a settable priority indicator; and

a transmitter, comprising one of a variable impedance and

a variable current source, responsive to said control cir-

cuit, arranged to transmit multi-bit data over the com-

munication cabling to the power sourcing equipment,
said control circuit arranged to:

sense an operating voltage associated with remote power-

ing of the powered device from the power sourcing
equipment via the communication cabling, said sensed
operating voltage exceeding a predetermined value and
sensed responsive to said voltage sensor; and

prior to connecting the remote power sourced via the com-

munication cabling to operational circuitry associated
with the powered device iterface by said 1solating
switch operating means, and responsive to said sensed
operating voltage, transmit first multi-bit data, compris-
ing settable priority information, to the power sourcing
equipment via the communication cabling by said trans-
mitter, said settable priority mnformation being a func-
tion of the setting of said settable priority indicator.
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19. A powered device interface circuit according to claim
18, wherein said control circuit 1s arranged to vary one of said
variable impedance and said variable current source to each
of at least two disparate values.

20. A powered device interface circuit according to claim
18, wherein said control circuit 1s arranged to vary one of said
variable impedance and said variable current source to each
ol at least three disparate values.

21. A powered device interface circuit according to claim
18, wherein said first multi-bit data turther comprises infor-
mation indicative of a maximum power level.

22. A powered device interface circuit according to claim
18, further comprising;:

an 1solation switch responsive to said 1solating switch oper-

ating means; and

the operational circuitry arranged to recerve the remote

power responsive to said 1solating switch,

wherein said control circuit 1s further arranged to:

operate said 1solating switch operating means so as to close

said 1solating switch thereby connecting said remote
power to said operational circuitry;
receive mformation from said operational circuitry;
operate said 1solating switch operating means so as to open
said 1solating switch thereby disconnecting said
received power from said operational circuitry; and

subsequent to said disconnecting, transmit second multi-
bit data to the power sourcing equipment via the com-
munication cabling by said transmitter, said second
multi-bit data comprising an indication of said received
information.

23. A powered device iterface according to claim 22,
wherein said control circuit 1s further arranged subsequent to
transmitting said second multi-bit data, to operate said 1solat-
ing switch operating means so as to close said i1solating switch
thereby connecting said remote power to said operational
circuitry.

24. A powered device interface circuit according to claim
22, wherein said second multi-bit data comprises information
regarding one of temperature, result of built in testing, maxi-
mum current draw and type.

25. A powered device interface circuit according to claim
22, further comprising one of a pulse width modulator and a
resonance controller responsive to said control circuit,
wherein said control circuit 1s further arranged to operate said
one of a PWM and a resonance controller after said discon-
necting via said 1solating switch and prior to said transmitting,
second multi-bit information,

whereby said one of a pulse width modulator and a reso-

nance controller discharges an input capacitor thereby
enabling said transmitting of said second multi-bit infor-
mation.

26. A powered device interface circuit according to claim
18, wherein said settable priority indicator comprises one of
a switch, a software program operable on said control circuit
and a firmware code associated with said control circuit.

27. A powered device interface circuit comprising:

a control circuit;

a voltage sensor 1n communication with said control cir-

cuit:

an 1solating switch operating means responsive to said

control circuit, said i1solating switch operating means
arranged to connect remote power recerved via a com-
munication cabling from a power sourcing equipment to
operational circuitry of a powered device associated
with the powered device interface circuit;

a settable priority indicator; and
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a transmitter, responsive to said control circuit, arranged to
transmit multi-bit data over the communication cabling
to the power sourcing equipment,

said control circuit arranged to:
sense an operating voltage associated with remote pow-

ering of the powered device from the power sourcing
equipment via the communication cabling, said
sensed operating voltage responsive to said voltage
sensor and exceeding a predetermined value; and
prior to connecting the remote power sourced via the
communication cabling to operational circuitry asso-
ciated with the powered device interface by said 1s0-
lating switch operating means, transmit first multi-bit
data to the power sourcing equipment via the commu-
nication cabling by said transmitter;
receive mformation from said operational circuitry;
operate said 1solating switch operating means so as to
open said 1solating switch thereby disconnecting said
received power from said operational circuitry; and
subsequent to said disconnecting, transmit second
multi-bit data to the power sourcing equipment via the
communication cabling by said transmitter, said sec-
ond multi-bit data comprising an indication of said
recetrved information,

one of said first multi-bit data and said second multi-bit
data being a function of the setting of said settable pri-
ority indicator.

28. A powered device interface circuit according to claim
27, wherein said transmitter comprises one ol a variable
impedance and a variable current source.

29. A powered device interface circuit according to claim
2’7, wherein said settable priority indicator comprises one of
a switch, a software program operable on said control circuit
and a firmware code associated with said control circuit.

30. A local area network comprising:

a power sourcing equipment;

a powered device; and

a communication cabling connecting said power sourcing,
equipment to said powered device;

said powered device comprising;:

(a) a control circuit;

(b) a settable priorty indicator;

(c) an 1solating switch responsive to said control circuit;

(d) an operational circuitry arranged to be connected to
a remote power sourced from said power sourcing
equipment via said 1solating switch; and

(e) a voltage sensor in communication with said control
circuit, said control circuit arranged to:

sense an operating voltage associated with the remote
power sourced irom the power sourcing equipment via
the communication cabling, said sensed operating volt-
age responsive to said voltage sensor and exceeding a
predetermined value; and

prior to connecting the remote power to the operational
circuit via the i1solating switch, and responsive to said
sensed operating voltage, transmit multi-bit data com-
prising priority information from said settable priority
indicator over said communication cabling to said power
sourcing equipment.

31. An integrated circuit for use with a powered device

comprising;

(a) a control circuit;

(b) a means for recerving settable priority information;

(¢) an 1solating switch operating means responsive to said
control circuit, said i1solating switch operating means
arranged to connect remote power recerved via a com-
munication cabling from a power sourcing equipment to
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operational circuitry of a powered device associated prior to connecting the remote power sourced via the com-
with the integrated circuit for use with the powered munication cabling to operational circuitry associated
device; and with the powered device interface by said 1solating

(d) a voltage sensor 1n communication with said control switch operating means, and responsive to said sensed
circuit, said control circuit arranged to: 5

operating voltage, transmit multi-bit data comprising

sense an operating voltage associated with remote power- said settable priority information via the communication

ing of the powered device from the power sourcing _ _ _
equipment via the communication cabling, said sensed cabling to the power sourcing equipment.
operating voltage exceeding a predetermined value and

sensed responsive to said voltage sensor; and # ok ok k%
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